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I. The Importance of Productivity Study 
The importance of measuring productivity comes from the place the 
productive process occupies in the center of economic theory. The goals of 
maximizing consumers' satisfaction and producers' profit can be translated 
into discovering and allocating different resources to realize these goals. 
The importance of the productive process, therefore, is reflected in different 
relationships between inputs and outputs. This makes the latter a central 
attraction of many economic theories and econometric studies. 
Unfortunately there is still much to be done in the area of prcd.ucti vity esti-
mates~ Many relations between relevant factors have not yet been · clarified. 
The potentialities of the theory of estimation are not used on a full scale 
to investigate many unknown relations of productivity. To use these poten-
tialities, a·,general uride'rstaq,ding of why we shciul ,d study productivity is 
needed. Such understanding is greatly needed between economi'sts, policy 
makers, entrepreneurs, consumers, and labor unions. 
Economists should be aware of the fact that doing more research and study 
in the area of productivity measurement and trying new approaches may add to 
the body of knowledge in economics more than some other studies. It is very 
disappointing that we can be more sure about the relation between the supply 
of any commodity and its price than about the relation between the product 
of the same commodity and any input used to produce it, although the latter 
relation has a great effect on the former one. Besides,productivity measure-
ment opens new frontiers for econometric analysis to contribute to the 
workability of the economic theory in that respect. 
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Entrepreneurs usually build their decisions on their production studies 
and market studies. Standard factor productivities that their engineers 
construct represent the ideal case which can only be seen from an ivory tower 
window. But real productivity measures may help to give a more realistic 
view about the productive conditions of the firm. Furthermore, it is very 
constructive to measure productivity of different firms in a standardized 
matter so that inter-firm comparisons can be made possible. This gives more 
information to businessmen about the relative situations of their firms. 
Consumers, interested in maximizing their own goal~ are interested 
in better usage of resources for the sake of more production and cheaper 
prices. Productivity measures onl~ can give a precise idea about the gains 
achieved in these directions. The support consumers may be able to give to 
productivity studies facilitates obtaining enough governmental funds to spend 
on relevant data problems. 
Labor unions consistently demand more wages when further productivity 
improvements are achieved . If the measurements of productivity are of an 
average type that can be used as indicators rather than estimates, productivity 
improvements will not necessarily mean any increase in the quality of the 
inputs offered by labor. 
II. The Different Approaches of Measuring Labor Productivity 
Maybe the simplest notion of labor productivity is the ratio of that 
part of output which can be attributed to labor only, in real units, to the 
number of labor units used in the production process. Although this notion 
is simple, it has been believed for a long time that it is not applicable, 
for it is hard to divide the product of any productive unit into different 
parts attributable to different factors of production. To solve such problem 
we can assume that the human input is the most important. Then we can 
construct a ratio of two aggregates: a weighted production aggregate and 
a weighted labor aggregate. Such a ratio can be defined as an index of 
labor productivity since it is simply the output units divided by labor 
units. This way of measurement can be called the index number approach. 
However, we can criticize this approach by accusing it of escaping the 
hard division of output into its relevant parts each of which is attributed 
to some productive factor. To avoid this deficiency we can assume that 
output and input time series imply certain laws of production. By using 
such time series in the proper way we can express output as a function of 
different inputs. From such a function we can estimate what economic 
theory calls marginal labor productivity by deriving it from its proper 
elasticity. This approach is the production function approach. 
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The latter approach introduces more technicality to the problem of 
estimation, but it opens the door to many doubts which come from the unful-
fillment of some basic principles of the estimation theory. Some objections 
might be raised against the one equation method of estimation; others might 
be directed against the exclusion of many other variables; others might 
question the validity of assuming output to be endogeneous and inputs to be 
exogeneous. As a reaction to these objections and a refinement to the pro-
duction function approach, we may construct a whole model to explain all the 
input-output relationships. It can be argued that this model approach helps 
give better estimates of different elasticities and therefore adds more 
precision to our marginal productivity estimates. 
These are the three apporaches I introduce. The purpose of comparing 
such approaches is to give those working in the area of productivity studies 
more factors to , consider when they decide which approach they use, Another 
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objective is to call attention to trying the unfamiliar approaches and comparing 
them empirically with the other familiar ones. 
III. The U.A.R. Case 
In case of a growing country like the U.A.R., which finds the only solution 
of its economic problems is industrialization, productivity study should be 
of great importance and usefullness. Factor productivity estimates are some 
of the important parameters which are needed to set up a plausible and realistic 
economic plan. The accuracy and precision with which these ratios are estimated 
affect to a great extent the meaningfullness and the reliability of any alloca-
tion of investment done within the framework of such plan. We can sum up the 
whole economic problem of the underdeveloped countries into lack of resources 
and underemployment of the available resources. Hence, the productivities of 
different productive factors will determine to a great extent whether we should 
employ more of any source and how the output will respond to such increase. 
The interests of economists, entrepreneurs, consumers, and labor unions 
in productivity measures should be much more in such underdeveloped econom_ies 
because of the high rate of change that affects all of these interests. As 
an example : the high rate of governmental expenditures may threaten different 
commodity and factor markets with inflation. Such phenomena are so complicated 
as well as worried about in many planned economies that sometimes t hey tend 
to offset all the gains of economic planning. Also in newly established 
political systems where political stability is rather a precious asset that 
is needed for development, and where complete democracy is far from being 
reached under strong totalitarian governments, people get worried about 
the reliability of many statistics because of the tendency of some governments 
to use such statistics for propaganda purposes. In such a case, generally 
acceptable estimates of productivity are very useful in creating the needed 
trust between the people and their government with respect to its economic 
policy. 
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Moreover, the people of the · U.A.R., like many others in all newly 
developed nations, are very eager to increase their level of consumption . This 
may be a conflict with the objective of increasing national savings. However, 
a reasonable increase in consumption may be justifiable on a basis of some 
gains in productivity. Therefore to allow such increases we must depend on 
highly sophisticated productivity studies. 
We may add that labor productivity study is of special importance in the 
U.A.R. case. The human factor in production is attracting more and more 
attention of the policy makers . Arab planners realized within the course of 
applying their plans that development cannot be achieved by just importing 
modern machinery and putting it to work. Training, experience, and 
organization are very important factors in such a process. Any policy devised 
to improve the quality of labor when capital is increasing at the same time, 
cannot be tested without having good estimates for "labor productivity" as 
such . 
IV. Scope and Method 
The real problem this research is designed to deal with is to answer the 
question : what is the best way to measure labor productivity as well as 
other factors productivities, and what can be used for that purpose in the 
case of the U.A.R.? Dealing with such a problem can be done at two stages . 
First, the theoretical background of each approach of measurement should be 
studied carefully and compared. Second, empirical studies may follow to 
complete the structure of reasoning and to measure the practicability of each 
approach. 
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The first chapter will give some brief but necessary ideas about the 
relevant factors which affect labor productivity. Then the index number and 
the production function approaches will be examined theoretically. To study 
the model approach, a proposed model must be built to help to explai n the 
purpose and the technique of such approach . Since the U.A.R. problems are the 
center of my interests, I find it more convenient for the purpose of this 
research to build a model of the U.A.R, case in Chapter 4 , 
For the second stage of dealing with the problem of measuring labor 
productivity, it was not possible to broaden the scope of the research enough 
to contain any empirical work, However, I thought it would be useful to 
present some researches done in that field in the United States. Then I 
presented one available study done by some of the staff of the Institute of 
National Planning of the U.A. R, so that I might have a better idea about data 
problems and other relevant aspects. 
There is a fairly broad space for any deductive reasoning to take place. 
This will tend to create a weakness of my conclusions because the final word 
is yet to be said by empirical comparisons. The conclusions which will compare 
compare the different approaches do not tend to give any superiority to any one 
approach or the ot her . They rather present different doubts and defects 
against them and leave the final word to a forthcoming research. The con-
clusions about the U.A.R. case are rather concentrated on data problems and 
their solutions . 
As a further ambition for the future, I hope I can make another broader 
research to include the empir ical part. Such an achievement will depend to 
a great extent upon the availability of data and its nature. But it will give 




Altho ugh our main objective is to s tu dy productivity measurements, it 
is necessary to start reviewing some of the important rel~vant factors that 
affect such variables . This will help a great deal to expla in the procedures 
used in different ways of measurement. 
In talking about each factor we will stress the problem of defining 
and measuring it. Such argument will be central wi t h respect to labor, 
capital and managerial inputs . Then we will have some words to say about 
) 
' 
the effectiveness of such factors which will be of basic interest conce rn ing 
technical change. 
I. Labor Inputs 
This factor is so important that it is used as a common denominator in the 
index number approach and as a main independent variable in the other approaches. 
It is generally agreed to define labor inputs as man hours used up in the pro-
duct i on process rather than the available man hours . 1 This concept will b e 
limited here to the hours of production labor only. Although labor inputs 
can be measured in terms of the number of workers, the hour units have gained 
general acceptance because of their convenience. This unit of measurement 
1 K. S. Venkatraman , "Measurement of Productivity in Industry, 11 Indian 
Journal of Economics, XXXIII, April, 1953, pp. 401-402. 
The Organisation for European Economic Cooperation, O.E.E.C. , Technical 
Assistance Missions Nos. 7, 10, 11; Measurement of Productivity Methods Used 
by the Bureau of Labor Statistics in the U.S.A., O.E.E.C., Paris, 1952, 
pp. 93-104. 
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can be used to measure certain other factors of production, like management. 
2 Moreover, capital estimates can be reduced in some way to labor hours. 
The most important problem in increasing labor inputs is the heterogeneity 
of different man-hours. The degree of skill, sex, the time of work, education, 
etc., differentiate between different working hours. The first problem 
resulting from heterogeniety is to find some weights when used with different 
man-hours, transfer them into homogeneous units. The second problem is 
that we might wonder how effective such weights would be upon the final 
estimates of productivity. 
There are many weights we can think of to count for the differences 
between man-hours, and each has its own advantages and disadvantages . However, 
there are certain differences that might not be that effective in differenti-
ating between man-hours, or at least it is doubtful that they cause any dif-
ference, like sex. Furthermore, there is no harm of using any reasonable 
weights as long as we attain consistency in applying them. In this research 
I will be following many other writers in accepting the average wage per hours 
as a suitable weight for the differences in the degree of skill. Although 
other weights can be used , the average wage per hour is a convenient monetary 
weight which is often available and allows for differences in ski l l. 
Kendrick tested for the effect of using weights on the final measurement 
of productivity, using the index number approach. He compared between a 
measure of output per man-hour and a measure of output per weighted man-hour . 
The latter yielded a significantly smaller rate of increase in productivity . 3 
2J . W. Kendrick, Productivity Trends in the United States. A study by 
the National Bureau of Economic Research, N. Y., General Series No. 71, 
Princeton University Press, Princeton, N. J . , 1961, Introd . p. XLI. 
3Toid., Ch. 4, No. 1,2, Conclusion No. 5,6. 
Such comparison is very useful to show if the weighting system used adds 
to the goodness of our estimates or not. This might be an important factor 
in deciding to use any weighting system or to compare between two different 
groups of weights. 
II. Capital Inputs 
Capital inputs may take the form of buildings, machinery and tools, 
9 
and perhaps even of actual holdings of bank balances and cash . 4 One of the 
important obstacles which encounter measuring capital inputs is the difficulty 
of finding a meaningful physical unit to be used as a common denominator. 
This is a result of the heterogeneity of different physical forms of capital 
inputs in kind and purpose. 5 
There are many suggested measures for capital inputs. One is proposed 
by H. Jerome; it is to measure capital as the number of machines. 6 Another 
measure is suggested by E. F . Beach; which is to develop an index of the 
fixed assets of the plant or the industry expressed as years of service still 
available from such assets . 7 " Bohm Bawerk claims that capital can be treated 
quantitatively only by viewing it as capacity to render service. A service 
is measured by its economic value equal to relative marginal utility. 8 Thus 
4Bela Gold, Foundations of Productivity Analysis, University of 
Pittsburgh Press, Pittsburgh, 1955, p. 18 
5Ibid. 
6H. Jerome, "Mechanization in Industry," National Bureau of Economic 
Research, N. Y., 1943, pp. 231, 232. 
7E. F. Beach, "A Measure of Physical Capital," Review of Economics and 
Statistics, XX, Feb., 1938, pp. 11-20 . 
BF. H. Knight, "Prof. Hayek and the Theory of Investment," Economic 
Journal, XLV, March, 1935, p. 85-86 . 
he defines the quantity of capital as the capitalized perpetual net income 
of any capital good after full maintenance including replacement. It is 
also the cost of production of the capital good which includes a capital 
charge. 9 
10 
Jerome's measure aggregates different types of machines together without 
being concerned about their heterogeneity in kind and purpose. Beach's 
measure can be used as an estimate of the relative rates of replacement of 
different capital installations. It is closely analogous to the common use 
of "machine hours. 1110 
The measurement suggested by Bohm Bawerk requires a further modification. 
For productivity measurement purposes we may be interested to compare between 
different factor productivities. Therefore, it is very useful to bring all 
the factors of production down to one common denominator. If we choose labor 
units, man-hours, as a common unit, we can by some simple calculation transfer 
capital units to labor units.
11 
This will serve the purpose of the study and 
facilitate productivity analysis . 
We will have to restrict ourselves to the capital in use rather than the 
capital available. The difference between both will be reflected upon the 
ratio of capacity utilization. This is where cost analysis may differ from 
productivity analysis. The cost of production, including the depreciation of 
idle machines, may be charged to output in one way or another. However, we 
cannot measure the productivity of some idle capital units, simply because 
9 F. H. Knight, p. 82. 
lOBella Gold, p. 18 
11 
See below, Chapter 5. 
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it is zero. Therefore we will be confronted in Chapter 4 with the problem of 
isolating the effect of utilizing more of the available capacity from that 
of adding new inputs, upon productivity. 
III. Managerial Inputs 
The very objective of this research induced the proposal of isolating 
the nonproduction labor hours from labor inputs and defining it, together 
with all other clerical, supervisorial and top management work, as the 
managerial input. It is true that a fine line between production and non-
production jobs cannot possibly be shown. However, a realistic and systematic 
classification of the jobs in each firm might be made according to consistent 
definitions . It is also useful to standardize these definitions in order 
that comparisons and aggregations on t he macro level can be considered. 
The success of isolating the managerial inputs will lead to very useful 
results , First, we will be able to estimate the marginal productivity of 
labor as such by th e third approach . Second, we can get another estimate 
for the productivity of management itself which may be a very useful tool of 
analysis and of policy purposes . Third, we can trace the effect of substitu-
tion between managerial jobs and production jobs. This kind of substitution 
may happen at the same time of expansion, when the firm increases its capital 
equipment and its managerial offices at a higher rate than increasing its 
production jobs. 
The proposed measure for the managerial inputs is weighted hours . The 
weights can simply b e the average s.alary per hour. This measure is subject to 
the same advantages and disadvantages of the measure proposed for labor input, 
although it is practical and it fits the purpose of the study. 
12 
IV. Technical Change 
Although it is very hard to define exactly what technical change is, we 
can define it as new production techniques and improvements in the quality 
of inputs. The shifts which occu r to the production function, the change 
in the average age of capital, the change in capacity utilization may be 
explained partially or wholly as a technical change. It is worthwhile then, 
to survey such factors and count for such change, so that the estimates of 
the change in productivity can be rather pure and attributable only to its 
relevant factor of production. 
A recent controversy in the literature is how effective the change in 
technology upon the change in productivity. Robert Solow concluding that 
technical change is neutral on the average, suggested that 86-1/2 per cent 
of the increase in gross output per man-hour is caused by technical change. 
h t . d b . t 1 f t . 12 Te res is cause y capi a orma ion. Niitamo attributed most of such 
change to the passage of time and to education, and a little of it to 
capital formation. 13 Massel concluded from his study that technological 
change is of overriding importance in bringing about increased labor pro-
ductivity over time. He also believes that economists should shift from 
the theory of capital to the theory of technical progress as an explanation 
f h th . t 14 o t e grow in aggregate outpu. 
On the other side, Robert Resek in his study attributes 60.5 per cent 
of the change in output per man-hour to technical change and 10.3 per cent 
12R. Solow, "Technical Change and Aggregate Production Function," 
Review of Economics and Statistics, XXXIX, Aug., 1957, No . 3, pp. 312-320 . 
130. Niitamo, "The Development of Productivity in Finnish Industry, 
1925-1952, 11 Productivity Measurement Review, No. 15, Nov., 1958, pp. 30-41. 
14B. Massel, "Capital Formation and Technological Change in the United 
States Manufacturing," The Review of Economics and Statistics, XLII, May, 
1960, pp. 182-188. 
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to capital formation. Moreover, the remaining 29.2 per cent of the change is 
due to the interaction between capital increase and technical change. 15 
Although the other studies differ with Resek's study about the relative 
importance of technical change to capital formation, al l of them do agree 
that the latter is very important in the production process. This suggests 
that technical change must be counted for directly or indirectly in any method 
of estimating productivity. Moreover, this shows that when technical change 
is not counted for our productivity estimates may be highly biased. In 
Chapter 4, this logic will be much clearer when we build a prosposed model to 
estimate labor productivity. 
l5Robert w. Resek, "Neutrality of Technical Progress," Review of 
Economics and Statistics, VL, Feb., 1963, PP· 55-63. 
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CHAPI'ER II 
LABOR PROIUCTIVITY INDICES 
I. Introduction 
In this chapter we will review the first approach to measure labor 
productivity. To the belief of the writer it is the most used one, especially 
on the national scale and by official organizations, Before we proceed, it 
is worthwhile to clarify a ·few points. First, talking about the index number 
approach to measure labor productivity does not necessitate an explanation of 
the index-number theory. We will assume such an approach to be fairly known 
by the readers. Second, talking about this approach separately does not mean 
that it has no relation or common basis with other approaches. Third, our 
criticism to this approach does not imply any inferiority of it to the other 
approaches, but our criticism will be directed to show why this approach 
should be limited in its use and where such limitations come from . 
• Labor productivity indexes were introduced first by the U.S. Bureau of 
Labor Statistics in the 1920's. However, simple time comparison of produc-
tivity can be found in the 1880's.
1 
Technological employment which ~gained 
much fame in the 1930's and became a popular subject of inquiry made labor 
productivity indexes better known at that time, Our discussion will give 
Laspeyre ' s and Paasche's formulas a special importance mainly because they 
are more frequently used than those based upon geometric means of relatives. 
1 
I, H, Siegel, Concepts and Measurement of Production and Productivity, 
U.S. Bureau of Labor Atatistics, Washington, D. C., 1952, p. 20. 
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II. Formulas 
Labor productivity indexes can be derived by two formulas. First, the 
direct formula which regards the index of labor productivity as a reciprocal 
f th . d f 't 1 b · t 2 o e in ex o uni a or requiremen. Second, the quotient formula which 
assumes that every aggregative index may be written as a quotient of two 
others. 3 The direct formula may be written as follows: 
If 
q.L. i i 
I = 1 p 
q.L i 0 
Paache' s formula 




where q refers to the amount of each product, L refers to the unit of labor 
used to produce the respective unit of output, and i and o refer to the 
reference and the base period respectively. 















U.S. Works Progress Administration, "Production, Employment and 
Productivity in 59 Manufacturing Industries," National Research Project, 
Washington, D.C., 1939, Pt. I, Ch. 1. 








We notice that the first part in the denominator of the two equations is the 
same; it is an index of the total number of hours required. The second part 
in (3) represents a Paasche-type production index weighted by unit labor 
requirement and it represents in (4) ~ Laspeyre-type production index weighted 
by the relevant weights. The Bureau of La b or Statistics uses the quotient 
formula of No. (4). 4 
Usually, the common part of the two formulas, the index of the hours 
required, is obtained by multiplying the index of the labor force available by 
the index of the number of hours worked per week. Furthermore, the production 
index, Laspeyre formula, is calculated as a weighted mean of single production 
indices. The weights used are proportional to the total quantities of labor 
expended on the corresponding production in the reference period. This can 






Even when the reference year is a census year, the B,L.S. finds it 
practically impossible to calculate the weights as above. Therefore three 
approximations are used--using the quantity of labor required as weights 
presumes that the unit labor requirement is fixed. We shall discuss the 
validity of this assumption later. However, using another set of weights as 
4 The Organization for European Economic Cooperation, p. 95, 
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an approximation requires different assumptions. The following are the three 
different approximations with their implied assumptions: 
a. The value of labor expended; assuming the costs of the 
unit labor requirement is fixed. 
b. The value added; assuming the value added per unit of product 
is fixed. 
c. The total value; assuming the total value per unit produced 
is fixed. 
III. Some Problems Concerning Building Indices 
1 . Classification 
In relation to what may be called about the primary and the secondary 
units implied in any weighted aggregate, let us consider the weighted aggregate 
n 
\ q.L. where i refers to the number of products (j = 1, ... , n). This L i i 
j 
aggregate implies two primary units: the output unit q .. and the input unit 
iJ 
L ... The secondary unit of the aggregate is a multiple of these two primary 
iJ 
units, taking one of them or both of them as unity. In other words, the 
n 
the aggregate I 
j 
I q .L. i i a . 
I qi 
I q.L. b. i i 
q.L. implies three kinds of secondary units : 
i i 
I the secondary unit is assuming qi . ' 
1 
1 






1 · 1 
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. .............. . I 1. 1 
When dividing two aggregates by each other, the secondary units will be 
cancelled by the division, if both contain the same number of secondary units. 
The number of the secondary units is dependent upon the number of the primary 
units which is, in turn, dependent upon the classification of the product. 
Hence, it is not proper to divide two weighted aggregates with two different 
product classifications. 
2. Quality Change 
There has been some disagreement about the definition of "quality change." 
The following definitions are sometimes adopted in this respect. 5 
a. A change in the consumer's satisfaction from the product which is 
a function of social, cultural, and economic standards at certain 
time. Tqis affects the weights used in the index because of the 
resultant shifts in favor of more highly prized goods by consumers 
with given tastes. 
b. Anything so advertised by the maker provided there is some additional 
cost due to the alleged improvement. This means a shift in assort-
ment of output in favor of goods requiring more factor inputs. 
c. Only changes which improve performance compared by a certain 
~. 
performance standard. This defines quality change from the stand-
point of the productive process. 
5 W. A. Neiswanger, "Price Index Numbers," A Report to the U.S. Bureau 
of the Budget, 1958, pp. 33,34. 
I. H. Siegel, pp. 37-39-
19 
The problem of quality change involves the adequacy of the classes, 
units, and weights used in constructing the index. Therefore a radical 
alteration of the structure of a broad product class, a change in the scope 
of activities included in an industry definition, or an alteration of the 
amount of resources used per unit of the same nominal product is regarded as 
a quality change. If we agree that quality change represents an improvement, 
which is commonly accepted, we will admit that the usual measurements suffer 
a downward bias. 
In using index number estimates, it is very hard to count for quality 
changes. However, there are some ways generally suggested to deal with this 
problem. One of them is to deduct the cost of improvement from the price of 
the commodity. Another way is to construct a separate index of quality change 
for each industry and apply it to the index of the main concern.
6 
None of 
these ways has yet proved to be feasible from the financial point of view. 
3. Change in Coverage 
In constructing output indices, we need information about the quantities 
of all goods and services produced by an industry, an industry group, and the 
whole economy. Unfortunately, the reported series relate only to established 
goods. Other products are represented by their values in the value statistics 
only. This kind usually includes new products, less important ones, custom, 
contract, and repair work. Therefore the statistician faces two problems of 
coverage when he constructs an output index number. First, the reported 
quantities do not account for all the gross value of the industrial output. 
Second, the percentage that the reported quantities cover varies through time. 
6 W. A. Neiswanger, Price Index Numbers, P· 34. 
To confront the first problem, the statistician has to decide the 
suitable size of the sample taken from each industry. In other words, 
20 
he will decide according to his own value judgment the sufficient percentage 
of coverage which is ~eeded to mak~ his sample representative. 
The solution of the second problem is to multiply the index number by 
a correcting factor. 7 In case of an industry the adjustment factor is the 
ratio of the gross value index of the entire industry to the gross value index 
of the products in the unadjusted measure. In case of industry groups a value 
added adjustment factor has been used. Another adjustment factor based on 
employment was recommended as promising. 8 
Such adjustments are based upon the so-called "identical price movement 
assumption." This assumption implies that the prices of the unrepresented 
products moves in the same direction as the prices of the represented products. 
Some support this assumption on the basis that prices are influenced by common 
monetary factors, and move within a narrower range than production quantities. 9 
However, those who used the coverage adjustment had warned that it is 
not certain in any particular case that the adjusted index is more accurate 
than the unadjusted one, or even the truth lies between both. 10 The coverage 
7 Solomon Fabricant, "The Output of Manufacturing Industries, 1899-1937," 
National Bureau of Economic RP.SP.arch, N. Y., 1940., pp. 362-367. F. C. Mills, 
"Economic Tendencies in the U.S.," National Bureau of Economic Research, 1932, 
pp. 90-93, Adequacy Adjustment." 
8 U. N. Statistical Office, "Index Numbers of Industrial Production," 
Studies in Methods No. 1., N. Y., Sept. 15, 1950. 
9 Solomon Fabricant, "The Output of Manufacturing Industries, 1899-1937," 
PP , 362-567. 
lO Solomon Fabricant, "Of Productivity Statistics, An Admonition," Review 
of Economics and Statistics, XXXI, Nov., 1949, p. 310. 
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adjustment was considered in the 1934 W.P.A. National Research Project, 
though it was not used. The Bureau of Labor Statistics in revising and 
extending the indexes of this study in 1942 rejected using the general value 
adjustment. That was because it was felt it might often fail to accomplish 
't 11 1 s purpose. 
IV . Specification Errors in Productivity Indexes 
From our discussion of the formulas in part II we know that productivity 
indexes are ratios of weighted aggregates. This holds whether we use the 
direct form or the quotient form. Using specific weights implies certain 
assumptions concerning our estimating method. In this case the implied 
assumptions are about the relations between the aggregated quantities and 
their weights. In general, the weighting method used in equations 1 - 4 assumes 
that there is no relation between the change in output and the change in labor. 
In the direct formula, equations 1 and 2, using the reference year or the base 
year weights assumes that the change in the quantity of used labor do not 
cause any change in the quantities of output used as weights. In the quotient 
formula, equations 3 and 4, the same assumption holds for the labor-weighted 
output index. 
Such assumptions implied in these formulas cannot be justified theo-
retically nor empirically. The economic theory of production concludes certain 
relationships between inputs and output. The direction of these relations 
depends on the scale of product i on pr ocesses. Increases or decreases in labor 
i nputs do cause corresp onding changes in output except in a few limited 
ll I . H. Siegel, p. 66. 
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cases which happen temporarily and do not last over long periods . Some of 
these cases take place when there is idle capacity with no incentive to invest, 
or when full employment prevails. Even in such cases a favorable or unfavor -
able change in output might result. Famous emperical studies like Cobb-
Douglas, Knowles-Warden and others found positive elasticities of output with 
respect to labor. 
Now if the assumptions implied in estimating labor productivity by index 
numbers are not valid, what will be the consequences? The index number 
approach in itself is a way to estimate certain parameters by building a hypo-
thetical model and assume it resembles the model of the real world. Naturally, 
the latter model, if it exists at all, generates the data available for such 
estimation. To get "good" estimates of the parameters, it is necessary that 
the assumptions of the estimating, hypothetical, model fit the specifications 
12 of the economic model which generates the data. Obviously when this require-
ment is not satisfied, which is the case in labor productiv ity indexes, the 
estimates will suffer from "specification errors." 
As an example, let us consider the Laspeyre's direct formula in 
equation 2. Let us assume that the true labor productivity index shows an 
increase in labor productivityj the unit labor requirement has declined by a 
certain amount. This means that applying more labor to the production 
processes adds to the total output bigger quantities than before. Therefore, 
the base period weights, q ' s, will be smaller than the reference period 
0 
weights, qi's . This results in an underestimation of the unit labor require-
ment index and overestimation of the labor productivity index. The opposite 
may happen in case of using Paasche's direct formula. In other words, if the 
12 
W. A. Neiswanger, Price Index Numbers, p. 3. 
23 
correlation between the unit labor requirements and their weights is positive, 
zero, or negative, Laspeyre's direct formula suffers an upward, zero or down-
ward specification bias respectively. 
Applying the same example to Laspeyre's quotient formula in equation 4 
the base period unit labor requirement weights will be greater than the 
reference period weights. This produces an overestimation to the labor-
weighted output index and therefore overestimates the labor productivity 
index. The opposite applies to Paasche's formula as before. Also the sign of 
the specification bias will follow the sign of the correlation between the 
aggregated units and their weights. 
Unfortunately, the size of the specification error cannot be measured 
since the real productivity index is not known. Also little can be said about 
its importance since the true parameters of the production function which are 
the decisive elements are not involved directly in this estimation method. 
Even if we use the index as an "indicator" rather than an "estimation" to the 
change in productivity, we cannot be sure whether the specification error 
offsets the direction of that change or it is too negligible to switch that 
direction. 
The correlation between the aggregated units and their weights plays 
another role in comparing between different types of indexes. It can be used 
to compare between two different weighting systems, weighted and nonweighted 
formulas, direct and quotient formulas, and Laspeyre's and Paasche's formula. 13 
Another bias occurs when using the quotient formula with pecuniary weights 
applied to the output index. This method pr oduces a direct output-weighted 
l3 I. H. Siegel, p. 52, 53 , 
24 
productivity measure and an index showing the shift in the structure of 
d t . 14 Th' . d pro uc ion. is in ex may be sufficiently large to make the result external 
to the productivity relatives, although the measure used is an internal mean. 
I. H. Siegel calls this error "externality." 
Deflation and value adjustment may also lead to externality. Even net 
output indexes based on reduced aggregates and net productivity measures may 
lie outside the range of end product relatives. 15 This error adds to the 
doubt we raise about this method of estimation . 
V. Further Limitations and Criticism 
Although labor productivity indexes relate output to man-hours, they do 
not represent a unique contribution of labor to production and they should 
not be interpreted in this way, Gains in output per man-hours cannot be 
ascribed to any one factor; it rather reflects the effect of all related 
factors. Rising productivity indexes do not necessarily imply labor dis-
placement. However, it may be accompanied with increasing employment. 16 
C. F. Christ accus~s the traditional output per man-hour measures as 
being 11partial and unreliable" as measures of output per unit of total input 
or total productivity. He also believes they fail to rank the commodity 
producing industry correctly with respect to true productivity change. He 
• 
14 .._ 
Ibid., p. 95. 
15 Ibid. 
16 As in the rayon industry during the 1930's and during the expansive 
periods of most other manufacturing industries. W, D. Evans and I. H. 
Siegle, "The Meaning of Productivity Indexes," American Statistical Assoc, 
Journal, XXXVII, March, 1942, p. 110, 111. 
urges that we should try to get "independent measures" for all the forces 
that may account for increases in total factor productivity . 17 
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George J. Stigler argues that a labor productivity index seems generally 
to rank the commodity-producing industries currectly with respect to the 
productivity changes; however, he admits that actual numerical changes shown 
by such index are substantially biased. However, the labor productivity index 
will not be biased if changes in labor and other inputs are proportionai. 18 
As a final word about this estimation approach, the doubt exists to a 
great extent about its effectiveness, although it is still used as a main way 
of estimation . The difficulties facing a labor productivity index, the bias 
which is unavoidable but unmeasureable, and the very nature of the index 
number problems, suggest a new look to this approach. The available estimates 
of this kind should not be used as a "labor productivity measure" by any means. 
The efforts of improving this method should be evaluated according to their 
being possible, successful, and cheap. Otherwise other approaches which seem 
to be more promising should be considered seriously . The conventional 
acceptance and the long-period use of this method do not justify stopping to 
improve it or keeping it when no further improvement can be done. 
l7 National Bureau of Economic Research, "Output, Input, and Productivity 
Measurement," Studies in Income and Wealth, XXV, Princeton University Press, 
Princeton, N. J., 1961, p. 8. 
18 
Ibid, pp. 49, 50. 
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CHAPTER III 
PRODUCTION FUNCTIONS AND PROIUCTIVITY 
Some of the attempts made to measure factors productivities are based 
upon the production function theory. In this chapte r the economic and 
mathematical characteristics of this theory will be discussed. Besides, a 
review of the most important forms of this function will be made. The 
chapter will be concluded by comparing the production function single 
equation models and the simultaneous equation models as two different 
approaches to measure labor productivity or factor productivities in general. 
I. Basic Ideas 
1. Production Sets 
The production function in its simplest form is a relation between the 
output on one side and one or more inputs used to produce that output on the 
other side. For a simple case of one product and one input, say labor, the 
function may be written in this way: 
0 = f(L} where O = output (1) 
L labor input. 
This function represents a production set contains all possible combinations 
of labor input and output . Limiting ourselves to possible combinations only 
means that this set is bounded by two constraints : 
1. An input constraint shows that there is a limited quantity 
of the input available to use. 
2. An output constraint shows that according to the existing 
state of knowledge, for any amount of input, output realization 
will not exceed certain maximum magnitude. 
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We can state these two constraints as follows: 
L < L' (2) 
where L' is the available amount of labor. 
y S max(y) (3) 
The second constraint is usually called the convexity assumption. The pro-
duction set is convex if a line joining any two points of the set contains 
only points belonging to the set. The following two figures show the dif-
ference between convexity and concavity: 
Convexity Concavity 






Labor----+---------'----------------- 0 Lo Ll 
Output 
Labor and output are expressed in real tenns on both axis but labor is 
.. . 
1 A. A. Walters, "Production and Cost Functions: An Economic Survey," 
Econometrica, XXXI, January-Ap~il, 1963, pp. 1-14. 
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expressed in negative units. The convexity condition is fulfilled in the 
shape of OZ and the input constraint is represented by the line LL Now 
0 
suppose we want to limit ourselves to the maximum possible output that each 
quantity of inputs may produce then we can develop another relation from 
equation (1) to express a subset of the points on the boundary oz, where: 
o <a< 1 ( 4) 
This form is the traditional production function that describes only the 
efficient techniques that produce the maximum output of a desired commodity 
by a given input. If the relative prices of output and labor can be 
represented by the line P
0
Q, Q will be an equilibrium point with OP
1 
total 
output and OP total profit. 
0 
2. Linearity and Homogenity 
Mostly it is assumed that the production function is linear or at least 
linear in logarithms. It is often assumed to be homogeneous, i.e., any 
change in inputs leads to a proportional change in output . 
3. Ex Post and Ex Ante Production Functions 
That distinction was introduced as a tool of analysis in the economic 
growth theories. 2 When the entrepreneur starts to choose his technique of 
production, he has many opportunities available for him and all are expected 
to be the one chosen. These potential maximum point sets are called ex ante 
production functions. After choosing the available technique, we will be 
limited*to those functions which fulfill that technique. This subset of 
subsets contains all ex post production functions. 
2 L. Johansen, "Substitution Versus Fixed Production Coefficients in the 
Theory of Economic Growth, A Synthesis," Econometrica, XXVII, April, 1959, 
pp. 157-176 
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II. Different Forms of Production Functions and Their Productivity Estimates 
The simple case which was introduced above has been subject to many 
modifications that made it rather complicated and more useful for economic 
analysis. We will review some important forms of these functions which vary 
in purpose, importance, and practicability. 
1. Zero Elasticity of Substitution Function 
If only one activity is available to the micro unit, the production 
functions assuming two inputs can be drawn as rectangular isoquants with 
constant returns to scale. The form of the function will be: 
0 = A min [ K, L] 
or 0 = min [K/A, L/A] 
where K is another input or group of inputs, say capital. 
(5) 
(6) 
It is not possible to change relative factor inputs and therefore, the 





3 A. A. Walters, p. 5 
It is frequently called an input-output function because the one activity 
assumption makes it convenient for input-output studies. 
2. a. Cobb-Douglas Production Function 
The original form of this function is as simple as follows: 4 
0 
where 0 > zero 
L > zero 
K > zero 
A > zero 
zero < a < 1 
zero < ~ < 1 
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(7) 
It explains output in terms of two factors of production. The properties of 
this function may be summarized as follows: 
1. Both factors exhaust total output by being paid of their 
marginal products if a+~= 1 
2 . a and~ are elasticities of production with respect to labor and 
capital respectively if their sum is unity. 
3. The function is homogeneous of degree a+~- If a+~ exceeds 
unity, increasing returns result. Jf a+~ falls below unity, 
decreasing returns prevail. Constan¼ returns to scale are the 
case when a+~= 1 
4. Having a less than unity means that the marginal physical productivity 
4 
P. H. Douglas, "Are There Laws of Production?" American Economic 
Review, XXXVIII, March, 1948, pp. 1-41. 
of labor declines as labor input is increased. In other words 
(See footnote 5) 
which is negative if a< 1. 
5. Having~ less than unity, the marginal physical productivity 
of capital will decline as capital input is increased. In 
other words 
(See footnote 6) 




6. The marginal rate of substitution between the two factors is aK/~L . 7 





The elasticity of substitution is unity . 
i = A aLa-l K~ 
;lo a-2 K~ = ALaA~ · - = A a(a-1) L 
cl0
2 
~ = ALa ~~-1 
2 











60 K = b.K 0 
K K 
0 L 
a(a-1) = 0 . 
L2 






b.K = ffi, which is the margina·l rate of substitution. 
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b. Some Modifications to Cobb-Douglas Production Function 
When this function was tried emperically, the equality of the sum of the 
exponents to unity was not very realistic. Besides, some studies showed more 
importance of the factors that affect productivities than that of the change 
8 
in capital per head or labor per head. Some economists added to the function 
a time trend that implied a constant rate of growth per year: 
where g is that constant rate of growth per annum. 9 But this approach means 
that growth in productivity takes place independently of growth in capital 
stock. In other words output per worker rises steadily because of the action 
of some external forces, say technology, outside the system and independently 
of its internal forces. This approa~h in some point of view gives unsatis-
factory explanation to the growth process. 10 
Another modification is to introduce the capital/labor ratio to the 
equation as a development modifier. In this case the function takes the 
following shape: 
This can be rewritten as follows: 
(11) 
8 
M. Abramovitz, "Resources and Output Trends in the U.S. Since 1870, 11 
National Bureau of Economic Research Occasional Paper No. 52, New York, 1956, 
p. 
9 0. Aukrust, "Investment and Economic Growth," Productivity Measurement 
Review, No. 16, Feb., 1959, pp. 35-50, R. M. Solow, "Technical Change and 
the Aggregate Production Function," Review of Economics and Statistics, 
XXXIX, No. 3, Aug., 1957, pp. 312-320. 
10 . M. Frankel, "The Production Function: Allocation and Growth," 




When: a = 1 and t3 + t t3 + a = 1, 
0 = AK (13) 
The last form stresses the importance of capital investment as a factor of 
growth. 11 Therefore it is more frequently used in simple growth models. 
Capital and labor productivities can be measured by this function simply 
if differentiated partially with respect to capital and labor respectively: 
60 aALCXKt3 a 
0 = ·oL L L (14) 
50 f3A.Lcx~ ~ 0 oK = = K K (15) 
Another modification was introduced by Knowles and Warden. 12 For the 
purpose of their own study they introduced the following Cobb-Douglas 
modified function : 
C t 
k · x · d 
Knowles and Warden introduced five modifications : 
1. Spiitting labor inputs, expressed in manhours, into : 
a. A secular component L based on the long-run change in the 
p 
rate of participation of population, the change in the labor 
force, and secular trends in the hours of work. 
b. A cyclical component, the ratio of actual labor input to the 
ll Ibid., pp . 999, 1000. 
(16) 
12 
J. W. Knowles and C. B. Warden, Jr., "The Potential Economic Growth 
in the United States," Joint Economic Committee Study Paper No. 29, U.S. 
Congressional Joint Economic Committee, Washington, D.C., 1960, p. 18. 
potential labor input L /L . 
a P 
2. Capital was used in the form of a ratio of the stock of capital, 
in constant prices, to the potential labor input. 
3 . Average age of capital assets surviving in the capital stock in 
each year (k) was introduced to capture the influence of changes 
in technology on productive efficiency. 
4. A time trend was introduced to stand for any shift in the 
production function. 
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5. An index, x, reflected changes in the composition of demand between 
products requiring different amounts of labor and capital per unit 
was introduced to capture the influence of the change in demand. 
3. Constant Elasticity Production Funct i on13 
This function allows the elasticity of substitution to be constant 
at a value of other than unity, as in the Cobb-Douglas form, or zero, as in 
the input-output form. The function may be written as follows 
1 
0 = l [oK-p + (1-c)L-p] p (17) 
13 This function is frequently called the C.E .S . which stands for constant 
elasticity of substitution . It is also called SMAC which stands for Solow, 
Minhas, Arrow and Chenery who developed it. For references see: 
K. Arrow, H. B. Chenery, B. Minhas and R. M. Solow, "Capital-Labor 
Substitution and Economic Efficien cy," Review of Economics and 
Statistics, XLIII, ' Qugust, 1961, pp. 228-234. 
K. J. Arrow, "The Economic Implications of Learning by Doing," Review 
of Economic Studies, XXIX, June, 1962, pp . 155-173. 
M. Frankel, p . 1016. 
A. A. Walters, p . 6. 
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It is linear and homogeneous . In other words it implies constant returns 
to scale . A change in"/ changes the output for any given set of inputs in the 
same proportion. Therefore"/ is a neutral efficiency parameter . 5, 0 S 5 S 1, 
is the distribution parameter which determines the division of factor income. 
pis the substitution parameter . It is a simple function of the elasticity 
of substitution, where this elasticity, a, is equal to 1 : P 
To show that Cobb-Douglas function is a special case of this one having 
p approaches zero, and t he input-output function is another special case 
where p approaches infinity, we just take the limit of the function in both 
cases . 
J 
but Lim (log 0) = 




y [aK-p + (1 - 5)L-pJ- p 
1 
Lim log"/ [5K-p + (1-5)L-p] p 
P-+0 
1 
Lim log[5K-p + {l-52L-p] 
p 
P ~o log"/ - p 
Lim log "/ + p 5 lo g K + p ( l-5)1og L 
p~O p 
0 
applying L' Hopital ' s Rule by taking the first dirivative of the nominator 
aµd the denominator with respect top: 
lim (log 0) =log"/+ 5 log K + (1 - 5) log L 
p-+0 
lim 
p ➔ 0 (18) 
which is a Cobb-Douglas case . 
Lim 
p -+ 00 
a-> 0 
0 = Lim 
p ~ 00 
= 1 · min [k, L] 
= min [ ~ !:. ) 
1 1 




Capital and labor marginal productivities may be developed by taking the 
first partial derivative of the function with respect to capital and labor 
respectively . The result is as follows : 
14 
15 
(See footnote 14) 
(See footnote 15) 
~~ = 1 {- ¼ [oK-p + (1-o)L -p] 
= 0 1[5K-p + (1-5)L-p]-l / p 
[5K-p + (1-5) L-p]I<+p 
1 
p 1( ) -p-1}. -p 5K 




= (1-5) • 1[5K-p + (1+5)L-p) 
[5K-p + (1+5)L-p] · Ll+p 




To develop a more general form of this 1 function, constant returns to 
scale assumption must be dropped . This can be done by adding another 
parameter v as follows: 
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(22) 
In this way, constant, increasing, or decreasing returns to scale are possible 
and dependent upon the value of v whether it is unity, greater than, or less 
than unity , As a result of that change, capital and labor marginal pro-
ductivities will be as follows: 
16 
17 
1 + 2. 
0 V 
i2-+p 





5 , Y[5K-p + (1-5)L-p]-v/p 
(See footnote 16) 
(See footnote 17) 
- 1 
· (-p) 5K-p-l 
= -[-5K ___ p_+-(1 ___ 5_)_L_-p_]_K..,..l+~p--
Mul t iplying the nominator and the denominator by l-p/v, we get: 
1 + 2. 
- 2_ V 
V 0 
V 




_ (1-5) · Y[oK-p + (1-5)L-p]-v/p 
- [5K-p + (1-5)L-p] Ll+p 
Multiplying the nominator and the denominator by Y-p/v, we get: 
o0 (1-5) l-p/v 01 + p/v 
5K = Ll+p 
(23) 
(24) 
APPENDIX TO CHAPI'ER III 
A COMPARISON BETWEEN THE ONE-EQUATION PROIXJCTION 
FUNCTION MODELS AND SIMULTANEOUS EQUATION MODELS 
From the review presented in this chapter of the most popular formulas 
of the production functions, we find out that all of them share two important 
characteristics. First, they explain output by only two main variables: 
capital and labor . Second, the main structural equation constitutes by itself 
a single-equation model . 
In the conclusions drawn by Knowles and Warden we notice the strong 
defect the first characteristic imposes upon the estimates of this approach . 18 
The time trend which was used as a proxy variable in their equation and 
represen t ed the many other factors counted for between one-half and two-thirds 
of the annual total increase in potential output . This striking result shows 
that depending only upon two main variables is not satisfactory to give full 
explanation to change in output . This results also emphasizes the necessity 
of addi ng more relevent variables to the equation and to break down the proxy 
variable. This will give a new detailed explanation to the change in output . 
However, introducing more important variables to the production function compli-
cates the problem of identification . Identification is necessary so that we 
can be sure the scatter of our observations does not measure any equation 
other than the production function . To have a single equation identified, 
the number of variables, exogeneous or endogeneous, appearing in the system 
but excluded from the single equation must be equal to zero . We cannot be 
sure of fulfilling this condition unless we relate the production function to 
some relevent model . Another solution is to add all relevent variables to the 
equation given that they are all exogenous. It is the opinion of the writer 
18 See below, Ch. 5, p. 70 . 
that a single equation can never be identified unless it has only one 
endogenous variable. Nevertheless, the production functions have at least 
twoorthree endogenous variables: output, capital and, or, labor. 
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In com:i:aring the estimates of the single-equation approach against the 
many-equation ones, we should consider that there has not been proved any 
absolute superiority of any of them to the other. As C, F, Christ says that 
the important task is to learn more about how to decide which estimation 
method is likely to be best for any given actual econometric problem. 19 
20 Walters puts three factors for such choice to depend upon: 
1 . The purpose for which the estimation is required 
2 . The availability of data 
3. Relative errors. 
To measure labor productivity, or other factors productivities, 
structural relationships should be established between relevent variables and 
output . Then the parameters, coefficients or elasticities, are to be 
estimated . At last, productivity ratios can be derived. Therefore the main 
purpose here is to estimate the structural parameters of the system. 
Walters also suggests that if we wanted to estimate the structural 
parameters and if the reduced form is available, it is probably best to 
estimate the structural parameters by first computing the coefficients of the 
reduced form . This also provides a direct calculation of the effect of the 
exogeneous variables on output as well as factors inputs. However, Walters 
suggests using the one equation approach if the purpose of the model is to 
predict output for given quantities of input . 
19 C. F. Christ, "Simultaneous Equations: Any Verdict Yet?", Econometrica, 
XXVIII, October, 1960, pp. 835-845. 
20 
A. A. Walters, p. 17. 
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Although we recommend using the simultaneous equations approach for our 
purpose we should not forget some defects of this approach. First, there 
will be a heavy computational burden, but high speed computers have solved 
this problem. Second, the estimates developed will be maximum likelihood 
and consistent ones . Both maximum likelihood and consistency depend upon 
some asymptotic or large sample properties. This requires a great deal of 
data and much more information than what the single equation approach does . 
Econometricians are getting more careful about accepting simultaneous 
21 equations methods than they sta~ted to be when Marschak and Andrews intro-
duced their pioneering study . However, it would be of a great scientific 
value to use both approaches for comparison. The absolute superiority of 
any approach to the other is not likely to be ever proved, but the role of 
purpose should be our main criterion for such a difficult choice. 
21 
J. Marscbak and W. H. Andrews, "Random Simultaneous Equations and the 
Theory of Production," Econometrica, XII, July-October, 1944, pp. 143-205. 
I. Introduction 
CHAPI'ER IV 
A PROFDSED MODEL TO MF.A.SURE PRODUCTIVITY 
PARAMETERS OF THE U.A.R. 
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The need for building a model of simultaneous equations to measure labor 
productivity and perhaps other factors productivities comes from the defects 
of using the index number approach and the unsatisfactory estimates that a 
one equation-production function model may give. However, I will begin by 
introducing a suggested model, then the comparison between this model and 
the other approaches will verify the reason of preferring it. 1 
The model approach is the method of measuring labor productivity by 
using a simultaneous equation model includes all the variables that affect 
output . This method if used properly isolates the effect of change in labor 
upon output and helps estimating the change in output that can be attributed 
only to the change in labor. There are many obstacles confronting building 
a proper model. The most important of them are: the difficulty of surveying 
all the variables that affect output, the units to be used in measuring 
different variables, the arbitrariness in defining different variables and 
relations, the availability of data, and choosing the proper way to solve the 
system. 
1 R. Y. Wolfson made a complete simultaneous equation model taking 
into account several interreationships among the variables . The purpose of 
Wolfson's study was to measure the marginal productivity differentials among 
the major crop areas to help explain wage differentia l s in agriculture among 
these same areas. Wolfson estimated the effect of weather on agriculture 
outputs, with strong analogies to Solow's problem of estimating technical 
change. L. R. Klein, An Introduction to Econometrics, Prentice-Hall, Englewood 
Cliffs, N.J., 1962, pp . 108-10. R. L. Wolfson, "An Econometric Investigation of 
Regional Differentials," Econometrica, XXVI, 1958, pp. 225-257, Robert Solow, 
p. 312. 
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Although including all the variables explaining the system is practically 
impossible, including all possible relevant variables we know can reduce the 
problem of full explanation to a practical approximation. The degree of 
approximation can be measured statistically by the coefficients of determina-
tion of each equation. In other words, the more relevant variables we include, 
the higher the percent of variation of our dependent variables explained by 
the independent ones.
2 
The units used for measurement depends to a great extent upon the 
purpose of study . The role of purpose will be stressed when we explain the 
way of measuring each variable. 
The role of purpose is also very important in defining different 
variables and relations. There is no perfect model that can be built to 
measure labor productivity in different circumstances or different countries. 
To limit the discussion I will stress the suitability of a proposed model to 
measure labor productivity in the U.A.R. Choosing the variables, defining 
them, and defining their relations between each others will depend basically 
upon the fulfillment of this purpose. 
II. Some Relevant Characteristics of the U.A.R. Economy 
Any such model must reflect the real factors that are relevant to the 
study. It should bring the main structural characteristics of the economy 
in terms of defined relationships. The logic of defining these relationships 
depends upon those characteristics which give the model its required validity. 
This is why models should be built differently from economy to another even 
though they may ser ve the same purpose. Therefore we will have to give a 
2 
W. A. Neiswanger, Elem entary Statistical Methods, Macmillan Company, 
N. Y., 1956, p 667. 
short review of the U.A.R. economic structure. This review will be by no 
means exhaustive. However, the characteristics that are related to the 
variables affecting output will be of the main concern. It is not the 
objective of this study to talk about the economy of the U.A.R. in detail, 
but as shown it is necessary to give a brief idea to help explain the way 
variables are chosen. 
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The U.A.R. population was 26 millions in 1960. It grows at an annual 
rate of 2.5 per cent per annum. 3 The two main economic problems she faces 
are lack of resources and overpopulation. The area of cultivated land is 
almost 5.84 million feddans. 4 Thirty-nine and one-half per cent of the land 
is distributed among one to five feddan ownerships. Fifteen and one-half 
per cent of the land is distributed among 50 - 200 feddan ownerships. Eleven 
and nine-tenths per cent of the land is still held by the government to be 
distributed on a five-feddans basis. 5 After completing the redistribution of 
the l and, 59.1 per cent of the land will be owned by no more than five feddan 
owners . Arable land per capita is 0 . 25 acre . This is a very low rate 
especially when compared with the corresponding rate in the U.S.A which is 
I 
3 . 92 . Seventy per cent of the population, in 1955, lived in rural areas and 
derived their income from the land. Agricultur~l products constituted 
3 According to the 1947 census the population was 19.022 and according 
to the 1960 census it was 26.059. This rate of increase is calculated by 
using these two estimates. U.A .R. Information Dept . , The Year Book, Cairo, 
1962, p. 6. U.A.R. Dept. of Statistics and Census, Statistical Pocket Year 
~' Cairo, 1960 and 1961, p. 1, 15. 
4 Feddan = 1.038 acres. 
5 U.A.R. Department of Statistics, and Census, p . 43. The holdings of 
the government are expropriated land from big land owners who own more than 
100 feddans . 
6 90 per , cent of the exports in the same year. In 1960 cotton exports 
constituted 70 per cent of the total exports. Although yields per acre of 
many crops are among the highest in the world, the productivity per capita 
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is very low. 7 This is resulting from the disguised unemployment concentrated 
in the agricultural sector and from the surplus of unskilled manual labor . 
The five-year economic plans are designed to double the national income 
every 10 years. In agriculture there is a short and long term reclamation 
program to cu ltivat e a new area of 585,000 feddans. The High Dam will make 
it possible to t ransfer 700,000 feddans in Upper Egypt to perennial irrigation. 
It will provide eno~gh water to irrigate one more million acres which will be 
added to the present supply of arable land. In in~us~ry it is aimed to 
develop new heavy and light industries and to diversify the production instead 
of ~epending upon one-crop policy . It is very modest to estimate the rate of 
8 growth of income since the plan began by about 7 per cent a year. 
It is of a special interest in this chapter to elaborate the wage system. 
The minimum wage rate is set by law. The wage structure for medium sized and 
large establishments determines each wage or salary as being composed of 
three parts: 
1. The basic wage or salary, 
2. The high-cost-of-living allowance, and 
3. Special allowances, where applicable for working in special 
areas. 
6 F . Harbison and I. A. Ibrahim, Human Resources for Egyptian Enterprise, 
McGraw-Hill, New York, 1958, p. 15. 
7 Ibid. 1. 
8 The governmental estimate is 9.0 per cent for the first year. U. A . R. 
Information Department, p. 104. 
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The high-cost-of-living allowance varies inversely with the basic wage 
or salary and directly with the size of the family. 9 In 1961 a law was 
issued to give the workers and the employees 10 per cent of the profit eac h 
year in cash and 15 per cent in housing and social services. This adds a 
fourth component of wages and salaries. Another law puts a ceiling of 
10 
5,000 L.E. for the total payments received by any employee. 
Free enterprise is still important in Egypt. However, the public sector 
is dominating in industry banking, foreign trade, and communications. Although 
investment decisions are made in each public sector-company by its board of 
dlrectors, these decisions should be made within the economic plan with 
respect to the quantity and the quality of the investment. Some allowances 
in the available funds are made to make the plan flexible. In some important 
decisions the board of directors has to refer to a higher authority in the 
planning organization. 
III. The Proposed Model 




9 F. Harbison and I. A. Ibrahim, Ch. 4. 
10 U.A.R. Information Department, The Year Book, Cairo, 1962, pp. 233-234 
and 1963, pp. 173-234. To assure the labor rights, the law limited the number 
of each board of directors of companies to seven persons each including a 
workers' representative and an employees' representative who are elected for a 
one-year term. 




















w = Wl + w2 
w2 = a3 + e1V + r 1x + i 1N + u3 
M = a4 + fY_ + gE + h2 H + u 4 
y = a5 + e2V + r 2
x + i 2N + u 5 
C = ct-1 + t:,C 
t:,C = a 6 + jD + kSt-1 + u6 
= constants 
= capital inputs 
= available resources of foreign currency 
= time trend 
the number of earned degrees per 100 persons per year 
the available material resources for production 
= the probability of survival to age 60 
= the number of graduates from technical high schools and 
industrial institutes per year. 
= the average age of capital stocks 
= labor inputs; L
1 
= agricultural labor; L
2 
= industrial labor; 
L
3 
= services labor 
= the size of the . labor force 
managerial inputs 
= the average size of the family 
= output, the value add ed 
= the unit value of output 
= imported mat erials in constant pric e s 
= savings in cons tan~ prices 
= t he ra t e of capacity utilizati on 









= error terms 
V = the average rate of profit 
w = the average rate of wages; Wl = the basic wage; 
w2 = the variable wage 
X = the cost of living index 
y = the average salary 
IV. Explaining the System 
1. The Variables and Their Units of Measurement 
The first equation is a Cobb-Douglas production function enlarged to 
include other variables. Introducing more relevant variables to the equation 
has the virtue of increasing the ratio of determination or the explained 
variation, and decreases the value of the residuals (u 1 ) which stands for the 
unknown variables.
11 
Outpu t is measured as the value added in one year. This means that the 
purchased intermediate goods and services consumed in production pr ocess 
12 
should be netted out . Using the proper price index numbers will reduce the 
value added to the real value of final goods and services produced in the 
nations' economy . 13 The value added is divided by the unit value of production 
to get an estimate of output in real units . 
Labor is measured in hours weighted by average wage. According t o the 
wage system of the U.A.R. we can use the basic wage of each group to weight 
11 
For a more comprehensive explanation to this idea refer to T. C. 
Koopmans, ed., Statistical Inference in namic Economic Models, J. Wiley and 
Sons, N.Y., 1950, pp. 1 -30 and W. A. Neiswanger, Elementary Statistical 
Methods, pp. 665-667. 
12 
L . B. Klien, p. 20-54. 
13 J. W. Kendrick, . "Productivity Trends: Capital and Labor," National 
Bureau of Economic Research Occasional Paper, No. 53, N.B.E.R., N.Y. , 1958, 
p . 4, 5. 
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labor hours. The justification of using this weight is that it is independent 
of profit, family size, or price levels. It is relative to education, 
experience, and the ability of each firm to expand. Thus it is a fair repre-
sentative to the relative efficiency of corresponding manhours. There is 
still another point left with respect to the homogeniety of labor which is 
the difference in importance of different industries. Another weight can be 
added as the rate of the value added of each industry to that of the whole 
economy. Aggregation and weighting can go through this way: having n groups 
of labor within each industry, the weighted sum of manhours for this particular 







L = manhours 
W = the basic wage 
i = the typical wage group 
j industry 
Having m industries the sum of manhours weighed by basic weights for the 
whole economy is: 
m n 
L I I 
j=l i=l 
L .. W .. 
lJ lJ 
This is the sum we should use in our first equation for labor. 
Capital inputs should be reduced to some physical terms so that the 
capital labor ratio introduced in equation (1) would be meaningful. As long 
as it is labor that is concerned, capital is better expressed in labor units 
than in monetary units. To do that we calculate the dollar's worth of a labor 
unit of services [L8 ] and of 100 dollar's worth of capital services [ C ] s 
both during a base year. Then, we divide C by L to get what 100 dollars s . s 
worth of capital equals in tenns of labor units. 13 
Managerial inputs are measured in weighted hours. The weights to be 
used are average salaries. Cobb-Douglas studies disregarded any inputs of 
this kind at first but included them afterwards.
14 
Kendrick indexes of 
productivity relate output to the work done by all workers including 
proprietors, supervisory employees and clerical workers as well as wage 
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15 earners. Disregarding management inputs from the production function is a 
great defect. It leaves a part of the production process unexplained by the 
equation. Although there is no fully satisfactory way of measuring this 
kind of input, using some criterion that fits the purpose of study is less 
hannful and much more useful than excluding it at a11. 16 Mixing between 
labor and management inputs as in Kendrick's indices does not fit a purpose 
of a study aiming to estimate labor productivity as such. 
Using the value added estimate of production nets out all materials used 
in production. This leaves out some part of the whole economic process 
unexplained, due to the relationship between the availability of materials 
13 This method is used by Kendrick in Productivity Trends in the U.S.A. 
Introduction, p. XLI. This measurement is basically dependent on the purpose 
of the study. 
14 P. H. Douglas, p. 19, footnote a, b, and c. 
15 L . W. _Kendrick, Productivity Trends in the U.S.A. p. XL, Footnote 2. 
16 
The manhours used of management weighted by average salary in a base 
period is convenient to the purpose of this study. First, it brings all the 
factors of production to common tenns. Second,it facilitates comparing 
between different factors productivities. Thir~ it makes it possible to 
estimate an output-input ratio or efficiency ratio. 
and the volume of production. This unexplained part can be reduced by 
including a variable for the imported raw materials every year in constant 
prices. 
The imported materials are of great importance to the U.A.R. economy. 
It is one of the important objectives of the plan to reduce the ratio of 
imported materials to all the available material resources for current 
prodution (R/G) to its minimum. This ratio was 14.7 per cent in 1959 for 
the whole economy; 8 per cent for the agricultural sector and 18.6 percent 
for the industrial sector. It is hoped to reduce this ratio to 9 per cent 
in 1964; 6.5 for agriculture and 9.2 for industry. 17 
The average age of capital was recognized by many writers as an 
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effective factor in the production process. It reflects an additional effect 
in such a newly developed economy like Egypt's because of the great amount of 
capital formation made each year within the application of a completely new 
technology. In this case when the old-type capital equipment is replaced 
rapidly by a new one, the resulting change in the average age of capital will 
be a part of the process of this technological change. Besides it affects 
the potential rate of growth by enforcing the replacement investment at 
certain time intervals in the future. Knowles and Warden proved this variable 
tobe statistically significant with respect to output in their own study. 18 
Another variable in the first equation is the degree of capacity utiliza-
tion. This variable can be estimated for the whole economy either by relating 
the actual level of output to an engineering type of optimum level of output, 
or by estimation of cost curves for several industrial sectors of the economy 
17 National Planning Committee, The Framework of the Five Year National 
Plan, Cairo, 1959. 
18 J. W. Knowles and C. B. Warden, Jr., p. 31. 
to find out the points of minimum average cost as an estimation of the 
capacity output points of these industries. If none of these estimates is 
19 available, the rate of actual labor to potential labor can be used. 
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This variable is included because factors productivities are affected by 
the variations in the rate of scale of production. Leaving out such a 
variable will give overestimated or underestimated values of productivity 
changes according to the change in the rate of capacity utilization. This 
bias of estimate is due to what the latter change might add, or subtract 
h . d t' 't 
20 
from the c ange in pro uc ivi y. 
The time variable is included to avoid the autocorrelation. This auto-
correlation usually results from the lack of independence of the different 
values of each variable. Trend or cyclical variations or both are responsible 
for this lack of independence.
21 
19 For full explanation to the idea of capacity, its different measures, 
and statistical and theoretical problems refer to L. R. Klein, "Some Theo-
retical Issues in the Measurement of Capacity," Econometrica, XXVIII, April, 
1960, pp. 272-286 _. 
U.S. Congressional Joint Economic Committee, "Measures of Produc t ive 
Capacity," Hearings before the shbcomrnittee of Economic Statistics, Washington, 
D.C . , May, 1962, and "Measures of Productive Capac i ty," Report of the Sub-
committee of Economics and Statistics to the Joint Economic Committee, 
Washington, D.C., 1960. 
20 L. W. Kendrick tried to avoid that bias by comparing productivity 
in years of high economic activity. Cf. his article "Productivity Trends : 
Capital and Labor," National Bureau of Economic Research Occasional Paper 
No. 53, N.B.E.R., New York, 1958, p. 7. 
21 
W. A. Neiswanger, Elementary Statistical Methods, p. 649. 
T. C. Koopmans, ed., pp. 384-389. M. Ezekiel and K. A. Fox, Methods of 
Correlation and Regression Analysis, 3rd ed., J. Wiley and Sons, New York, 




2. Explaining the Equations 
An exponential function formula is used for the first equation. This 
form gives no asymptotic level of output beyond which production can grow. 
The curvature is such that marginal productivity falls as input grows. The 
rate of increase of output decreases at high level of input.
22 
This formula 
is more convenient for long-run period studies where the effect of technology 
causes a continuous change in the ceiling of production. For short-period 
studies a parabola form would be more convenient to give some asymptotic 
level of production usually caused by decreasing returns. 
The error term is introduced in this equation and in the other ones to 
include the unknown variabJesand errors of observations. 23 We assume that 
unexplained variables effects and errors of observations happen on a random 
basis. This assumption makes the model a stochastic one. 
The first structural equation contains some exogeneous or predetermined 
variables. The others are endoge neous or jointly dependent variables. There 
are three main principles applied in economic literature to determine which 
variables are to be set aside as exogeneous. The first is the departmental 
principle which treats as exogeneous those variables which are wholly or 
partly outside the scope of economics like the population and the time vari-
able in this equation. The second principle, the causal principle, which 
regards as exogeneous those variables which influence the remaining 
(endogeneous) variables but are not influenced thereby as the average age of 
capital stock, the degree of capacity utilization and the ratio of required 
22 L.B. Klien, An Introduction to Econometrics, pp. 91-92. 
23 T. C. Koopmans, ed., pp. 57-58. 
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imported materials. The third criterion is time lags which classifies lagged 
variables, predetermined, as exogeneous but we do not have any lagged variables 
in our first structural equation. 24 
In applying the causal principle, we can reason why the average age of 
capital, the degree of capacity utilization, and the ratio of imported 
materials are exogeneous. A change in the average age of capital means a 
change in the capital intensity and therefore a change in output. But a 
change in output does not necessarily lead to a change in the average age of 
capital. It may induce investment in capital and labor but the final effect 
upon capital intensity is determined by another change in production 
techniques or new inventions. Output varies directly with the degree of 
capacity utilization. When output changes, capacity utilization may change 
or not. If it changed, this would not be caused by the change in output 
itself, but by the relationship of this change with the variation in the 
level of demand. The ratio of imported materials is rather complicated in 
its relation with output. First, it expresses the availability of this 
material to the local industry at the first stages of economic development . 
Then, it is natural to expect that output varies directly with it. Second, 
it r eflects the ability of the local resources to satisfy the industry with 
its materials requirement. In this respect at later stages of development 
this ratio might decrease or stay fixed without having any impact upon output. 
However, in these stages we may expect an increase in output to cause a 
decrease in this rate if the former includes an increase in the production of 
raw materials. In this case we will have to regard the ratio of imported 
materials as endogeneous. 
24 
Ibid., pp. 393-407. 
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Exogeneous variables do not need to be explained as long as it is 
assumed that they are not influenced by any of the dependent variables. 
However, we need to explain the endogeneous variables to show how they are 
affected by other variables. According to the last three rules stated above 
the endogeneous variables in the system are: 
1. 0 = output 
2. L = labor input 
3. C = capital input 
4. C/L = capital/labor ratio 
5. M = management input 
6. M/L = management/labor ratio. 
We notice that both of the capital/labor and management/labor ratios 
can be explained implicitly by explaining capital, labor, and management 
variables separately. Therefore, we need four equations to explain four 
endogeneous variables including the first one. 
Equation (2) breaks labor inputs into three parts: L1 agricultural 
labor, L2 industrial labor, L3 
services labor. Agricultural labor in Egypt 
is abundant and more than the capacity of this sector requires. Apparently 
because the nature of the work is simple and the machinery use in this sector 
is rare, unskilled labor is only required, demanded, and is met by a much 
greater unskilled labor supply. Therefore, we will regard this variable as 
given because of its special characteristics. Labor in industry, L2 , is 
rather skilled than agricultural labor. The supply of this kind of labor 
depends from one side on vocational training done in training units around 
the country, in teaching different skills in technical institutes, and on the 
willingness of the people to join the training classes and attend the technical 
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institutes attracted by higher wages and better chances of improvement. The 
third kind of labor works for mostly unproductive services. The pressure of 
disguised unemployment in the agricultural sector, the difficulty of training 
all the excess labor, besides the unsufficient growth of the industrial 
sector, make many people work in simple services especially distribution, 
house servants, and some other low-paid services. This third part is given 
too because of its being too abundant and much more than the demand for it. 
Equation (3) explains L
2
, the industrial labor, linearly in terms of a 
fixed intercept, that is the amount of the skilled industrial labor Egypt 
begins with each year; an educational indicator, a health indicator, and an 
error term. The educational indicator in this equation is the number of 
technical institutes graduates relative to the size of the labor force each 
year. The health indicator is the probability of survival to age 60. 
The wage rate has two components. The first w1 is fixed according to 
the wage class the worker belongs to. These wage classes are established 
by law according to a job evaluation system. Therefore this part is given in 
our system. The second part varies with the amount of profit, the size of 
the family and the cost of living index. Equation (5) explains the second 
part in those terms. 
In equation (6), the management inputs are explained in terms of the 
average salary, an educational indicator which is the number of earned 
degrees per 100 persons, and a health indicator. The average salary is 
explained in turn by the seventh equation. It is dependent upon the average 
rate of profit, the price level and the average size of the family. The 
salaries are evaluated according to certain job-classification and additional 
allowances differ according to the size of the family and the high cost of 
living allowance percentages. The educational indicators (!6. LF or E) represent 
the improvements in the quality of labor caused by education and training. 
It is possible to use total expenditures for education as a measure of it, 
but this value is unfortunately underestimated when using the average pay of 
teachers as a price deflator for it. To avoid this underestimation it is 
better to use the number of earned degrees per 100 persons per year or the 
number of graduates from technical schools. Health is another ~uality factor. 
Any improvement in health level adds to the ability of workers and therefore 
to its efficiency. We used the probability of survival to age 6025 as an 
indicator for the health level. It is clear that both of these indicators 
represent intangible investment in education and health fields. 26 Although 
these two values are indicators rather than direct estimates of this invest-
ment, they help avoiding many statistical problems and give some practical 
solution. 
The capital stock evaluated in labor hours is a simple sum of last year's 
st ock and this year's investment. The present addition to capital is ex-
plained as a function of _ the available resources of foreign exchange and the 
lagged savings. To show how important the foreign currency is to the capital 
formation process in Egypt we, just menti on that in 1963 8.5 per cent of the 
U.A.R. imports were machinery and 10 per cent were means of transportati on .27 
Now by grouping different exponents for the same variables in equation (1), 
we get 
25 The retirement age is 60 years in Egypt. 
26 J. W. Kendrick, Productivity Trends in the United States, pp. 104-110, 
"Hidden Investment." 
27 6 U.A.R. Department of Information, U.A.R. Economy Handbook, Cairo, 19 3 , 







in equat i on (2) and substituting for the 
following facto r s in this way: 
we get : 
Ll + L3 = Ll3 
a2 + ba3 = A23 
u2 + bu3 = u23 
By using these definitions 
a4 + fa5 = A45 
U4 + fu5 = U45 
and substituting for Y_ in equation (6) we have : 
By substituting for 6C in equation (7) we get : 
Then our four endogeneous variables are explained by t he last f our 
equations which are 1, 2, 6, and 7. 





The exponential function formula of equation (1) will be very conve n ient 
for deriving these productivity ratios. By transferring this equation int o 
logarithmic terms, we get: 
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log 0 log al+ [0:-)'-E] log L + (B + )') log C Q -
+ (o+E) log M + n log (R/G) + e log K + "'r.. log T 
+ q> log d + log ul ( l") 
1. Labor Productivity 
The coefficient (a:-)'-E) like all the other coefficients in th is equation 
is an elasticity ratio. It relates the relative change in output to the 
relative change in labor.
28 





60 I 6~M7L~ 60 (M/L) 




Therefore, a can be used to derive the marginal productivity ratio of labor 
in this way 
0 




This definition of a: enables us to derive the change in labor productivity 
ratio re 9ulting from the change in labor itself. This can be done by trans-








28 W. A. Neiswanger, Elementary Statistical Methods, p. 638. L. R. Klien, 
An Introduction to Econometrics, p. 91. 
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Therefore, all that is needed is to multiply a by the output labor ratio to 
get the change in labor productivity or the marginal productivity of labor. 
It is worthwhile to notice that this change in labor productivity is 
due only to the change in labor having other variables in the equation constant. 
From the practical point of view, these other variables are not constant, but 
their effect is excluded and explained by another coefficient. Saying they 
are constant is the same as saying their effect is not included in a. 29 
a expressed in logarithmic units equals the rate of change in logarithm 
of output to change in the logarithm of labor . This is equal to the rate of 
percentage change of output to percentage change in labor. In other words, 
a will be equal to the percentage change of output resulting from a one 
per cent change in labor. 
2. Other Factors Productivities 
In the same way used to explain a, we can interpret~ and o. Both can 
be used to derive marginal productivity ratios and can be regarded as per-
centage changes. Therefore we can construct these similar equations to (10) 
~ 00/~ 60 C (15) 0 C ~ 0 




oo 1 m 60 M (17) = 0 M L::M 0 
60 
o(O/M) (18) = L::M 
29 
L. R. Klien, pp. 91-94. 
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From equations (10), (16) and (18) we notice that each factor productivity 
is functional to the corresponding factor output ratio. 
The coefficient y can be used to sum up the effect of substituting 
capital for labor, or vice versa, on labor and capital productivities. 
_ HJ I 6~C~L~ _ HJ . c/L 
y - 0 C L - 6(CjL) 0 ' 
In the same way, from (12) we can write: 





y . CjL = 6(CjL) 
(20) 







In the same way we can rewrite C coefficient; 
60 60 
6(CjL) - 6(MjL) 
(22) 
The sign in (21) is not necessarily negative and the sign in (22) is not 
necessarily positive. This depends on the value of 6(C/L) if it is less or 
greater than zero. However, this adds a new explanation to labor and capital 
productivities by netting them from any effects resulting from any change in 
their proportions. 
It is necessary after introducing that model to make a few remarks about 
it. This model is not necessarily solvable nor is it suitable for the U.A.R. 
case as such. The main purpose of introducing it is to show how things should 
be done in applying the model approach. It is very possible to construct 
many other models for the same case. However, the one which should be preferred 
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is that which is the most workable. As an example, no data might be 
available at all for some items in the proposed model. Also the conditions 
that our assumptions are based upon will change and consequently will call 
for another model. 
These reservations do not affect our conclusions about the model approach. 
Applying the approach itself is still possible as well as suggestive, but the 
model to be used is left for those who prefer this approach or even try to 
compare it with the other approaches. 
It may be also of a great use to try to find the theoretical model that 
represents the U.A.R. economy as best as possible without giving any attention 
to the available data. Then data problems can be solved in such a way to 
make the data serve the model and not vice versa. The case of the U.A.R. 
badly needs such study because it is necessary to decide which data we should 
keep on collecting and which we should start to collect. Such an area, to 
my knowledge is not covered yet. 
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APPENDIX TO CHAPTER IV 
THE IDENTIFICATION OF THE SYSTEM 
In this appendix we shall try to investigate if the system is under-
identified, just identified, or overidentified. 30 Before stating the condition 
of identification let us define the following symbols: 
G the number of endogeneous variables 
H the number of endogeneous variables that appear in the 
eq_uation 
G - H the number of endogeneous variables which appear in the 
system but are excluded from the eq_uation 
K the number of exogeneous variables 
D the number of exogeneous variables which appear in the 
system but are excluded from the eq_uation 
K - D the number of exogeneous variables that appear in the 
eq_uation. 
A necessary, but not sufficient, condition for the system to be identified 
is that the number of excluded variables should be eq_ual to one minus the 
number of eq_uations. Noticing that the latter is eq_ual to G, we have 
(G - H) + D = G - 1 (24) 
from this it follows that 
D = H - 1 (25) 
A necessary and sufficient condition for any eq_uation in the system to 
be identified is to have at least one vanishing determinent of order G - 1 
3° For a detailed theoretical explanation see G. Tintner, Econometrics, 
J. Wiley and Sons, N. Y.; 1952, pp. 155-165. 
from the coefficients of the excluded variables. We will apply this condi-
tion and leave the other one in equation (25) to verify the just identification, 
and the overidentification cases, having the nonvanishing detenninent 
condition fulfilled. 
From the preceding analysis, our system was reduced to equations (1), 




The Coefficients of the Excluded Variables 
No. Wl V N ~ H X D 
LF 
(2) b bel bil C hl 0 0 
(6) 0 fe2 fi2 0 h2 fr2 0 
(7) 0 0 0 0 0 0 j 









= b . fr2 . j 
The determinent is nonzero if b, fr
2






Therefore equation (1) is identified, by applying equation (25) we find D = 8 
and H = 4 _ 
D > H - 1 




The Coefficients of the Excluded Variables 
No. o/Q C M R/G K T d X D 8t-1 
(1) 1 t=,+, O+E Tj e II. cp 0 0 0 
(6) 0 0 1 0 0 0 0 fr2 0 0 
(7) 0 1 0 0 0 0 0 0 j k 
From these coefficients we can form at least the following determinent: 
Tj 0 0 
O fr 2 0 Tl • fr2 · j (27) 
0 0 j 
The determinent is nonzero if TJ, fr 2 , j f O and its order is 4 - 1 = 3. 
Therefore, equation (2) is identified. By applying (25) we find D = 7 and 
H = 1 
D > H - 1 
Then, equation (2) is overidentified. 
Equation (6) : 
Equation The Coefficients of the Excluded Variables 
No. o/Q L C R/G K T d Wl ~ D LF 
(1) 1 Cf,-)'-E t=,+, Tj e II. cp 0 0 0 
(2) 0 0 0 0 0 0 0 b C 0 

















The determinent is nonzero if TJ, b, j t O and its order is 4 - 1 = 3. 
Therefore, equation (6) is identified. But by applying rule (25) we find: 
D = 8 and H = 1 
D > H - 1 
Then, equation (b) is overidentified. 
Equation (7) 
Equation 
The Coefficients of Excluded Variables 
No. o/Q L C M R/G K T d Wl V N ~ H X LF 
(1) 1 a-J-E /3+'l O+E T) e t,. (j) 0 0 0 0 0 0 
(2) 0 1 0 0 0 0 0 0 b bel bil C hl fr2 
(6) 0 0 0 1 0 0 0 0 0 fe2 fi2 0 h2 
From these coefficients we can form at least the following determinent : 
(j) 0 0 
= cp · c•h 
2 
The determinent is nonzero if cp, c, h2 f O and its order is 4 - 1 - 3. 
Therefore eauation (7) is identified. But by applying (25) we find D = 10 




ThenJ equation (7) is overidentified. 
This proves the whole system to be overidentified. Therefore) maximum 
likelihood method is recommended to solve it. 
C_f!API'ER V 
A REVIEW OF SOME EM:PIRICAL STUDIES 
The objective of this chapter is to review a few emperical studies about 
productivity and their results in brief. From the U.S.A. I chose Kendrick, 
Fabricant, Abramovitz, and Knowles and Warden. From the U.A.R I chose one 
study done by some members of the staff of the Institute of National 
Planning in Cairo. 
1. 
a. 
Productivity Studies in the U.S.A. 
1 
Knowles and Warden Study 
Methodology 
A Cobb-Douglas Production function was used as a basis for work. 
However, some other variables were added for better explanation. The function 
used is as follows : 
where 
1 




actual labor inputj 
• X 
L = potential labor input 
p 
K = capital measured as a gross stock in constant prices 
k = the average age of the capital assets surviving in the capital 
stock in each year 
x = the change in composition of demand between products and 
services requiring different capital/labor ratios 
t = time trend 
J. W. Knowles and C. B. Warden, Jr. 
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This function was f i tted to t he cor r espo nding dat a for t he Ameri can 
economy of the period 1909 - 1958 by least squ a res method . It was t r ansfe r red 
into logarithm~ then seven separate runs of the data wer e made on the computer. 
Special procedure was used to ove r come the t echnical di fficulties arising 
from the nature of the data used and the relationships involved. Af ter making 
2 comparisons between Kendr ick's and Solow's r esults of the rates of change 
of output and making different tests for the values of R2 at diffe r ent values 






Log 0 = -5.4 + log L + .91 log (~) - 3.39 log m p L p 
+ .35 log (t) - 5 . 6 log k + l0 . 36 [log k ) 2 
p 
+ x + .oo884t. 
where O is an estimate, or predicted value, of O . Parabolic forms in logs 
m a 
were used for L /L and k. a p 
2 R was equal to . 9898 and all variables were 
statistically significant as measured by their standard errors. 
b. Some Remarks on the Coefficients 
1. The coefficient of the potential labor input is given at unity. 
Since this term carries with it an associated stock of capital with a fixed 
ratio to the potential labor input and a fixed age of the capital stock, 
this coefficient of unity implies constant returns to scale. 
2 U.S . Congressional Joint Economic Committee, "Historical and Compara-
tive Rates of Production, Productivity and Prices, " Hearings in Connection with 
the Study of Employment, Growth and Price Levels, Part II, U. S. Government 
Printing Office, Washington, D.C., 1959, p . 281. R. Solow, pp. 312-320. 
.91 (log L /L) - 3.39 ( (log L /L )) 2 , and its a p a p 2. The cyclical term, 
parabolic shape implies, ceteris paribus, that: 
a . At low rates of operations, when L /L is between 60 and 90 per cent, 
a P 
an increase in inputs will yield a more than proportionate increase 
in output, i.e., there will be a cyclical rise in productivity. 
b. As operations approach full employment, 100 on the L /L scale, 
a p 
the increase in inputs yields equivalent increases in output. 
c . When demand pushes operations to exceptional high rates, output 
increases do not keep pace with rising inputs. This is because 
of using less efficient resources and the tendency to hoard labor 
in exceptionally tight labor markets. 
3. The value of capital/labor ratio coefficient is .35. This means 
that the property share in the GNP on the income side of the national account 
is expected to be between 30 and 40 per cent. Having this coefficient as 
+.35, we would expect the capital/output ratio, K/0, to be falling at a a 
roughly proportionate rate over the long run. This is because a .35 unit 
increase in capital/labor ratio will cause an increase of one unit of output. 
As long as capital is divided by labor, a .35 unit increase is really a 
.35 unit of capital measured in labor units. Therefore for each unit added to 
the denominator of the capital/output ratio, a .35 unit will be added to its 
nominator. This causes a long-run decline in this rate. 
4. The age of capital is an indirect measure of the degree to which 
the capital stock, K, incorporates the latest technology. Its influence is 
inverse and nonlinear. 
c. Results 
The results of this study can be summarized as the relative importances 
of various factors in explaining changes in output which are distributed in 
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the following way: 
1. The change in the many factors represented by the time trend as a 
proxy accounts for between one-half and two-thirds of the annual total in-
crease in potential output. 
2. The increase in potential labor input and the associated capital, 
capital/labor ratio held constant, accounts for between one-quarter and 
one-third of the changes in potential output. 
3. The change in the ratio of capital stock to the potential labor 
input accounts for between one-eighth and one-sixth of the change in potential 
output. 
4. The variation in the age of the capital stock accounts for between 
2 and 4 per cent of the change in potential output. 
5. The other changes in output were determined by changes in the mix 
or composition of demand as between industries with different rates of pro-
ductivity and by variations in the ratio of actual man-hours to potential 
man-hours. 
2. Kendrick's Study 3 
This study begins from a special modification from the available data 
to the purposeful way of constructing productivity indicators. The purpose 
of the study as stated by Professor Kendrick is to describe the United States 
productivity trends and to indicate some interrelationships between produc-
tivity change and changes in economic aggregates and economic structure. 
3 J . W. Kendrick, Productivity Trends in the United States, 
J. W. Kendrick, "Productivity Trends: Capital and Labor," National Bureau of 
Economic Research Occasional Paper No. 53, National Bureau of Economic Research, 
N.Y., 1956. S. Fabricant, 11Basic Facts on Productivity Change," National 




Professor Kendrick depends fundamentally upon the index number approach 
to measure productivity changes. However, he admits the upward bias of labor 
4 productivity ratios as efficiency measures. He calculates two kinds of 
indices: Productive efficiency index which relates total outputs to total 
inputs and partial productivity indices which relate total outputs to each 
different input separately. Therefore he relates the real product in the 
economy and in thirty-three major industry groups to total factor inputs, 
as well as to labor and to capital, including natural resources, separately. 
In order to make some kind of solution to the weighting problem he used 
average prices in the terminal years of various subperiods as weights. This 
solution is by no means perfect. Generally, inputs were weighted by their 
unit factor compensation, factor price, and outputs were weighted by product 
prices at factor cost . 
The study mixed between the deflated value approach and the price 
weighted quantity indexes for evaluating outputs. To measure output we can 
aggregate the values of all the goods and services produced at their current 
prices and deflate them by a Paasche price index. This is the deflated value 
approach. Another way to measure output is to aggregate the values added by 
different industries at the base period prices. Both approaches can be used 
to make comparison between different estimates and to help refine them. 
However, both estimates should lead to the same result; in other words 
n 
4 
J. W. Kendrick, Productivity Trends in the United States, P. 8. 
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where Q is the number of units of output, P their average prices, O and 1 
as subscripts denoting respectively a base and a given period, q the quantities 
of goods produced by an industry, q' the quantities of intermediate goods 
bought from other industries, P and P' their respective prices, and n is the 
number of industries. The deflated value estimate of output is equal to: 
The price weighted quantity estimate of output is equal to: 
n 
I Ql po = I ( q 1 po - q 1_P c)
i=l 
Labor input estimates in the economy as a whole is taken from industry 
estimates. Checks were made by using total employment estimates and average 
hours worked to compare with. Real capital stock was estimated by using 
the following sources of data: 
1. reproducible real wealth estimates prepared by R. Goldsmith. 5 
2. net capital formation estimates contained in Kusnets' real 
national product estimates. 6 
3. census and International Revenue Service estimates of the 
value of assets. 7 
5 R. Goldsmith, A Study of Saving in the United States, Princeton 
University Press, Princeton, N. J., 1956, Vol. III. 
6 S. Kusnets, National Product Since 1869, National Bureau of Economic 
Research, N. Y. , 1948. 
7 D. Creamer, "Capital and Output Trends in Manufacturing Industries, 
1880-1948," National Bureau of Economic Research Occasional Paper No. 41, 
N.Y., 1954. I. Borenstein, "Capital and Output Trends in Mining Industries, 
1870-1948," National Bureau of Economic Research Occasional 
4. estimates of the stock of nonfarm residential structures in 
1929 _prices prepared by Guebler, Blank, and Winnick. 8 
5. estimates for farm capital other than machinery prepared by 
A. S. Tostlebe. 9 
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Capital estimates are not adjusted for rate of utilization but this factor 
was left as an aspect of efficiency. It is measured in constant dollars 
assuming base year efficiency. In comparing movements between key years 
arithmetic averages of the unit values in the two years were used to weight 
component units. Then, the resulting index numbers for the several sub-
periods were linked to form a continuous series with 1929 as a reference 
base. This is consistent with Marshall-Edgeworth formula . 
b. Conclusions 
1. After World War II output per manhour rose at a rate of 3 to 3.5 
per cent per year as a result of 
a. a heavy investment in business and farm plant and equipment 
b. a heavy investment in public improvements 
c. a heavy investment in other tangible capital goods. 
In general tangible capital per head of the population has increased at an 
average rate of one percent per annum. 
2 , Increasing output per manhour has been distributed among the 
following purposes: 
Paper No. 45, Washington, D.C . , 1954. 
8 Guebler, Blank and Winnick, Capital Formation in Residential Real 
Estate. Trends and Prospects, Princeton University Press, Princeton, N. J., 
for National Bureau of Economic Research, 1956. 
9 A. S. Tostlebe, "The Growth of Physical Capital in Agriculture, 1870-
1950," National Bureau of Economic Research Occasional Paper No. 44, N. Y., 
1954. 
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a. One fraction has been absorbed by enjoying more leisure time. 
Weekly hours of work per employed person have been cut by 20 to 
30 per cent on the average since the turn of this century. The 
practice of paid and longer vacations has become more widespread. 
b. Another fraction has been used to finance investment in private 
and public capital. 
c. Another fraction has been used to meet the increased need for 
national security . 
d. Another fraction has gone into technical and military assistance 
and aid to other countries. 
e. The great bulk of this increase has gone into the increasing 
rate of national consumption. National consumption per capita 
rate of growth was less than the rate of increase in output 
per capita and was around 1.8 per cent per annum. 
3. a. Real hourly earnings, including fringe benefits of several sorts, 
has grown about as rapidly on the average as has output per 
manhour. 
b. The rate of return on capital has tended to remain r oughly 
constant. This horizontal trend reflects a gain from produc-
tivity, since the great increase in capital per worker woul d 
probably have reduced the rate of return on capital had not 
produc t ively risen. 
4. Increased productivity in some cases meant a painful and difficult 
adjustment that constituted one of the costs of economic progress . This 
involved a growth of new industries and a relative absolute decline of old 
ones. 
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5i Long term rate of increase: over the seventy-year period since 1889, 
the rate of increase in productivity has been as follows; all rates are 
per cent per annum: 
a. Physical output per manhour in the private economy increased 
at 2.4. 
b. Comparing output with a measure of labor input in which a highly 
paid manhour of work counts for proportionally more than a low-
wage manhour, or output per weighted manhour, yields a signifi-
cantly smaller rate of 2.00. 
c. A measure of productivity that compares output with labor input 
and tangible capital, each weighted by the market value of its 
services, grew less rapidly at 1.7. 
d. Productivity indices for the economy as a whole, including 
private and government, rose less rapidly than those of the 
private economy only at 1.5. 
6. Productivity and the increase in national products: 
a. Each year's increase in productivity accounted, on the average, 
for almost half of the year's increase in product. The other 
half reflected an increase of resources, labor and tangible 
capital. 
b. Productivity increase accounted for about eight-tenths of each 
year's increase in per capita product, with the rise in per 
capita resources contributing the other two tenths. 
c. Prior to World War I, both per capita resources and productivity 
grew significantly, and thus both contributed to the rise in per 
capita product. Since World War I, per capita resources have 
fallen slightly; but productivity has risen even more rapidly 
than before--rapidly enough to keep per capita product growing 
at an average rate not far below the rate for the earlier period. 
7. Fluctuations in the rate of productivity: 
a. Productivity rose more rapidly after World War I than before. 
b. Since 1889, productivity fluctuated with the state of business. 
Year-to-year rises were greater than the long-term rate when 
business was expanding, and less (or often falling) when business 
was generally contracting. The slow rates of increase, .or decline, 
appear to have been largely concentrated in the first stages of 
business contraction . Productivity rose more rapidly as a rule 
towards the end of contraction and during the · early stages of 
expansion. 
c. Year-to-year changes in productivity were appreciably influenced 
also by random factors. 
c. Remarks 
The index of efficiency indicates a rate of growth of productivity that 
is significantly below the rate o! · output in relation to labor alone. That 
was because tangible capital has increased substantially more than the labor 
force. Tangible capital per weighted manhour has risen at the average annual 
rate of one per cent . Because the services of labor have become more and 
more expensive relative to those of tangible capital, there has been a strong 
incentive for producers to substitute capital for labor. Yet surprising 
capital increased less rapidly than did output. On net balance, output per 
unit of tangible capital rose by about one per cent per annum. Technological 
advance and other means to improved efficiency have led to savings of capital 
as well as of labor. 
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Surprising also may be the fact that the difference between productivity 
measured in terms of labor and tangible capital combined and productivity 
measured in terms of labor alone is no more than 0.4 per cent per annum. The 
, reason is the relatively high weight given labor in combining it with tangible 
capital. 
3. Moses Abramovitz StudylO 
a. Methodology 
11 The author depends basically upon S. Kusnets' data to develop different 
indices so that he can answer certain questions. 
b. The Purpose of the Study 
The study is aimed at investigating three main questions about the period 
of 1869 - 1953. 
1. The amplitude of the net increase of aggregate output per capita and 
its relation to the increase in labor or capital inputs on one hand and the 
use in productivity on the other. 
2. The evidence of any retardation or acceleration in the growth of 
per capita output. 
3. The fluctuations in the rate of growth of output that happened apart 
from the short run fluctuations of business cycles. 
10 Moses Abramovitz 
11 S. Kusnets, Long Term Changes in the National Income of the U.S.A. 
Since 1870, hereinafter called Long-Term Changes, S. Kusnets ed., Cambridge, 
Bows and Bows, 1952. 
c. Conclusions 
The author arrived at the following three main conclusions: 
1. Between the decade of 1869-78 and the decade 1944-53 NNP per capita 
in constant prices approximately quadrupled, while population more than 
tripled. The source of the great increase in net product per head was not 
mainly an increase in labor input per head, nor even an increase in capital 
per head. Its source must be sought principally in the complex of little 
understood forces which caused productivity, that is output per unit of 
utilized sources, to rise. 
2. It is not clear that there has been any significant trend in the 
rates of growth of total output per head. It is true that national product 
estimates on their face, suggest some decline in the rates of growth, somewhat 
more clearly for total output, somewhat less clearly for output per capita. 
It is doubtful, however, whether the data can be accepted with confidence for 
this purpose. Insofar as one can observe a decline in the rate of growth, 
its source is not the productivity of resources, which has continued to grow 
at a steady, perhaps an accelerating, pace. Its source has been a decline 
in the rate of growth of labor input per head and of capital input per head. 
3. The rate of growth of output has not been even . In addition to 
ordinary business cycles, the rate of growth has risen and fallen in long 
waves of approximate]y twenty years duration. Preliminary study suggests 
that these waves represent in the main, surges in productivity of resource 
supply rather than in the proportion of our resources employed . The following 
schedule summarizes his main estimates of output, input, and productivity. 
Notes about the construction 
of each index 
Combin i ng man-hours x 3 and capital x 1, 
weights represent the relative values of 
ser vice income and property in comes . 
Combining man-h ours per cap i ta and 
capital per capita in the same weights 
NNP index/employment index 
NNP index/man-hours index 
NNP index/capital index 
NNP index/index of total input resources 
Indices calculated for 
1944-53 (1869-78 = 100) 
Total input of resources 
Input per ca pita 
NNP per employed worker 
NNP per man-h our 
NNP per capital unit 
NNP per unit of total input 







From the pioneering studies of productivity in Egypt, I chose one made 
b t ff b f th I . 1 Pl . 
12 Th . . y some s a mem ers o e nstitute of Nationa anning. is paper is 
ve ry critical about the data available and the way of collecting it. 
a. Methodology 
The study used the data collected on a yearly basis from 1957 to 1959 
and on a quarterly basis starting from the middle of 1960 by the Departm ent 
of Statistics and Census for the spinning and weaving industry to construct 
some simple productivity ratios . This specific industry was chosen to begin 
with because of its great relative importance and because the sectorial data 
were not detailed enough to help constructing such ratios. 
The definition used is simple to a great extent . It is merel y an output/ 
inp ut ratio using values for output and other real or monetary units for 
12 
M. Desokey, M. Hamdy and M. s . Eid, "Productivity Studies and Data in 
th e U.A.R., 11 Institute of National Planning, Study Paper No . 66, I.N.P., 
Cairo , 1962. 
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inputs. Nothing was mentioned about deflating the monetary values by proper 
price indexes. 
b. The Purpose of the Study 
Because of being handicapped by lack of data, the study did not aim 
towards any conclusions about productivity trends. The simplicity of the 
definitions used and the nature of the data available made such conclusions 
impossible. However, the main objective of the study was to point out certain 
defects in the data collecting system for each purpose and to propose 
solutions for improvements. We will review a sample of the results calculated 
in the study so that data defects and the oversimplification of the results 
appear. The following table shows different output/input ratios in the years 
1957-1959 for different factories of weaving and spinning industry grouped 
according to the number of workers. The next table shows the same ratios for 
different sizes and on a quarter-year basis. 
c. Recommendations and Conclusions 
The study suggests as conclusions a certain way of data tabulating and 
demands more detailed information to accompany the data. The study proposes 
a specific way of classifying inputs and outputs. Furthermore it offers new 
forms to be filled by data collectors. 
The recommendations of this study can be summed up as follows: 
1. The output data should be classified in a consistent way and a 
measurement of the capacity of firms should be included. 
2 . The sales divided between local ' markets and exports must accompany 
the output data. 
3. The materials used must be shown as classified into direct and in-
direct materials. The latter includes the fuel and electricity used in 
production. 
Output value per Output value * Output value 
Factory Year production and per one pound per one pound 
Groups services worker of wages and of fuel and 
salaries electricity 
less than 1957 1.06 7.63 41.3 
10 workers 1958 .94 6.72 36.2 
1959 .88 6.82 39.0 
1957 .59 8.03 51.6 
10 - 49 1958 .60 8.33 44.9 
1959 .64 8.59 33.7 
1957 
50 - 99 1958 .94 9.09 48.1 
1959 .98 8.57 41.4 
1957 .94 9.13 42.6 
100-499 1958 .98 8.79 35.7 
1959 .32 3.12 34.3 
1957 1.15 .34 40.5 
500 and 1958 .97 6.25 35.4 
more 1959 1.23 8.14 40.0 
* One Egyptian pound equals 2.30 U.S . dollars. 
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Output value Output value 
Tu.te Group per production per one pound 
and services of wages and 
worker salaries 
June 1960 100 .11 3.13 
Sept. 1960 and .31 7.69 
Dec. 1960 .33 9.22 
March 1961 more .30 8. 50 
June 1960 .23 9.01 
Sept. 1960 100 - .24 9.08 
Dec. 196o 499 .24 9.12 
March 1961 .20 7.89 
June 1960 500 .29 7.87 Sept. 196o .32 7.51 
Dec. 1960 and .35 9.23 
March 1961 more .32 8.61 
Output value Output value 
per one pound per one pound 
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4. The hours worked should be classified according to different degrees 
of skills offered by the study. The data should also contain the number of 
workers, the worked hours, different labor-hour rates, and total wage bills 
for each class. 
5. Labor hours should be divided into direct and indirect working hours. 
6. The hours worked by salaried persons should be collected and classified 
according to the experience of the employees and their education. 
7. The fixed assets should be classified into their different types 
and the value of their depreciation should be included. 
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CONCLUSIONS 
To conclude this research, we will compare the three different approaches 
of measuring productivity . Our discussion of the approaches showed certain 
advantages and disadvantages for each. These may help us determine situations 
where we should prefer one of the approaches. 
The index number approach is simple in construction and meaning. Its 
underlined idea of aggregate relatives enjoys a great deal of familiarity. 
Its simplicity makes the data problems minor. The formulas used for it have 
been adapted to the availability of data. Several approximations for the 
nonavailable data were introduced and widely used. 
The criticism directed to this approach concerns the probable bias in 
its estimates and the general misconception about its meaning. We have 
reviewed some of the possible errors which the estimates of this approach 
might suffer. The failure to count for quality change, the possible error of 
externality, as well as the specification error are a few examples. Labor 
productivity indexes in their present structure do not measure "labor 
productivity" as such. They express the general trend in the average total 
productivity estimated in terms of unit labor requirements. For this reason 
the improvements this estimate may show cannot be accredited to the labor 
force only. On the other hand, it may be a result of a compound effort of 
one or more of the relevant factors. Unfortunately this approach cannot 
determine which factors participated in the gains of productivity and for 
how much. 
Such criticism puts some limits on the usage of the approach, but it 
does not rule it out. The index number approach is useful for indicating 
the change in the average total productivity in a simple, easy, and familiar 
way . It is handy to be used in t he micro - economic un i t a s wel l as t he macr o-
economic one for this purpose. But is should not be us ed or int erp r eted 
as an estimator for any factor productivity in the mar gi nal sense. 
The production function approach takes a step towa rds recognizing the 
interrelationships between inputs and outputs . The product i vity coefficients 
it provides Tepresent marginal productivities which one may desir e . It does 
not relate output to labor inputs only, but it adds capital inputs as another 
explaining factor. The one-equation methods used for solving it produces 
small standard error estimates. Its estimates are valid i f the a s sumptions 
taken are realistic with respect to the considered situation . 
The disadvantages of this approach come from the factors it does not 
include, the unrealistic assumptions about the underl i ned r elatio nships, and 
the bias its estimates might suffer. The production function approach does 
not include managerial inputs, raw materials, average age of capital, 
variables for technical change, and other factors suggested to be relevant . 
However, this is not a defect in the approach itself, but it is either an 
error in applying it or a limitation imposed because of data problems. 
Moreover, some endogeneous relationships are made exogeneous for simplicity. 
This may cause the estimates of the coefficients to have a specification 
error as a result from taking wrong assumptions . Although the single equation 
method estimates have relatively small standard errors, they are generally 
biased . Moreover, the data problems may make the use of this approach 
impossible when the required data is not available. 
This approach is quite useful to provide productivity estimates in the 
situations where labor and capital play the dominant role in the production 
process . It is also a good technique where the period of analysis does not 
a llow for technical change to disturb the prevailing relations. On the other 
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hand, when many other important factors are involved in the production process, 
or when the period of analysis is long enough to permit technical change, we 
should be careful with using this approach. We should also be aware, in such 
cases, of the bias that our estimated coefficients might have. 
The model approach adds all the relevant factors that we know to the 
estimating structure. It provides a better, but not always perfect, distinc-
tion between exogeneous and endogeneous relationships. The complete system 
methods of estimation used to solve the model provide consistent estimates 
of the parameters. The productivity coefficients derived by this approach 
are marginal in the economic and mathematical sense. 
This approach may be attacked for requiring a huge amount of data. 
Unfortunately, the necessity of adding all relevant variables incre ases the 
amount of data required. There may be some variables which we are quite 
convinced should be added but for which no data exist. This makes the model 
approach impractical in many cases. The estimates of the coefficients 
provided by the complete system meth ods will have large standard errors, 
although they are consistent. 
This approach is useful if the data problems can be solved. If so, we 
will be able to avoid many of the disadvantages of the other two approaches. 
To apply these conclusions to the U.A.R. case, t he model approach is the 
one to be chosen for national planning purposes . Productivity estimates are 
required as parameters in t he national plan. Any bias in them will carry out 
its effect to every corner of the economic activity . We cannot depend upon 
any "indicators" that give some idea about the average trend of the totals. 
Moreover, the period of the plan, five years, is too long to consider many 
unrealistic assumptions for simplicity purposes. For all of these reasons, 
the U.A.R. is bound to use the model approach if she is looking for a meaning-
ful and effective economic plan. 
Now we will be left with the data problems of the U.A.R. The recom-
mendations of Desokey, Hamdy, and Eid in the I.N.P. study shows to a great 
extent the lack of data planning for productivity analysis. In the model 
presented here, much of the data can not be found in the Arab data records. 
Even the proper estimates of the basic factor inputs might be missing. The 
fact that the statistics are collected by a central department and that there 
is a special statistical office in each corporation can make things a lot 
easier. A special committee of economists and statisticians is needed to 
work out the model for productivity studies. Then, such committee will 
decide what kind of data should be gathered. 
Until then, the production function approach might serve to provide the 
required coefficients with few modifications. The index number approach can 
also be kept to provide us with an idea about the average total change in 
productivity. 
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